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PREFACE. 



It ifl now seven years since the first edition of this work was 
published, and during this short period verj great advance has 
been made in many brauches of microscopical inquiry, both in 
this country and on the Continent. 

Since the publication of the original work, Messrs. Powell and 
Lealand have succeeded in making, at the request of the author, 
an object-glass magnifying 1,80<) diameters. lie hopes shortly to 
receive from them a power as much superior to this as the ,^sth is 
to the old V?^^^- Microscopical science is greatly indebted to 
these makers for the advances made by them upon several 
occasions in the manufacture of object-glasses, and in the con- 
struction of microscopes. 

The author has considered it better to divide the work into 
chapters instead of lectures, but the original style has been 
retained, because it was thought to be well adapted for the 
descripition of practical details, in which clearness is of far 
(greater importance than elegance of expression. 

The book now contains more than twice the amount of work 
in the last edition. Many of the paragraphs have been re-written, 
and three new chapters, containing nearly one hundred pages, 
have been introduced. The number of plates has been increased 
from 3i2 to 56. 

The author has still further improved upon the mode of 
injection and preparation of tissues advocated by him and now 
adopted by many observers. In this edition the details of the 
particular method of preparation carried out by the author in 
his investigations with the aid of the highest magnifying powers 
yet made, are for the first time published. 

For the beautiful photograph which forms the frontispiece the 
author is indebted to his friend Dr. Maddox, who has also 
afforded him very great assistance in writing the chapter on 
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photography. This is one of the most valaable chapters in the 
book. It contains the results of many years' most earnest work, 
by one of the most successful workers in this department of 
photography. The detail of some of the photographic illus- 
trations is so very minute, that mauy points cannot be seen by 
the unaided eye. A lens of low magnifying power has therefore 
been appended to the volume, to enable the reader. to seethe 
beautiful microscopical details which have been obtained by this 
mode of illustration, in which Dr. Aladdox is striving to achieve 
still greater success. 

Many of the best wood engravings in the volume have beeu 
engraved by ^liss Powell, to whom, as well as to Messrs. Harrison 
for the groat care bestowed iu printing, the author's thanks 
are due. 

The author regrets that the book should have been so long out 
of print, and the publication of the new edition so long delayed. 
He was anxious to improve it to the utmost of his power and 
increase its usefulness as a practical work ; and he has, therefore, 
spared neither time nor trouble, and has retrained from hurrying 
it through the press, feeling satisfied that time spent in 
perfecting practical details connected with demonstration, is well 
employed, l^'or, however some may be inclined to disparage 
hand work as distinguished from head work, it is certain that 
no one can become a good microscopical observer, unless he is 
possessed of considerable manual dexterity, to be acquired only 
by long practice ; and no work can lie higher or more useful than 
that of assisting to make men original workers in any department 
of science, and of encouraging original work. Working books 
by working men will do far more towards these ends than the 
most brilliant discoveries, and the author believes that earnest 
men cannot labour more usefully than by endeavouring to make 
others work. 



tjl. GsofVENOK Stbeet. W 
Aitguft, I'^A. 



PEEFACE TO THE SECOND EDITION. 

With the view of increasing the usefulness of this work, 
namerous explanatory illustrations have been added in the 
present edition. 

The author, both in the text and in the explanations to the 
engravings, has endeavoured to i-ostrict himself, as far as possible, 
to giving hints and directions which uiuy be practically useful to 
the student while he is at work. All matter that would be 
merely interesting to the general reader has Uierefore been 
altogether omitted. Directions for working canncx. well be too 
explicit and precise, and the more simply they are given, the 
more useful they are likely to be. 



61, Groivennr Stittt, Junxuir^t Ib6I. 



PEEFACE TO THE FIEST EDITION. 

Ajs earnest desire to assist in diffusing a love for microscopical 
inquiry, not less for the pleasure it affords to the student, than 
from a conviction of its real utility and increasing practical 
value in promoting advancement in various branches of art, 
science, and manufacture, — a wish to simplify, as far as possible, 
the processes for preparing microscopical specimens, and the 
methods for demonstrating the anatomy of diflferent textures, — 
and the belief that many who possess microscopes are deterred 
from attcniptini]j any branch of original investigation solely by 
the great difficulty they exi)cricncc in surmounting elcniontur}' 
detail and mere mechanical operations, — are my chief reasons for 
publishing this elementary course of lectures, which was delivered 
during the past winter. 

It has been thought desirable to append the tables which I 
have l)een accustomed to use in my course of practical demon- 
strations, for tlie purpose of enabling everyone to practise for 
himself the most useful branches uf manipulation. Each table 
will occupy the student about two hours. 

Subjoined is a list of the apparatus recjuircd for microscopical 
research, much of which is simple and inexpensive. A numbei* 
has been added to each instrument, by transmitting which to 
any instrument maker, the observer will be furnished with the 
apparatus required. 

L. S. B. 

I'ATHOLOOICAL IjiBOftATOBT, 

27, Cct'cv Utitct, Linc-Aik.'t-iit,if Juiif. 1857. 



TO THE READER. 

Scnne persons may prefer to *tudy the contents of this fiook by referrinpr, in the 
first instuncc, to the iilutes. The book may, in furU »>e " read " In ttiis way. The 
(iffnrt'S are ex]i].-iine<l ut the lower jait of the plate, hut iinfU-r eaeh will be 
fbiind a refereui-e to the aeclion in which the inutU'r it illustniti-s is disciused, 
ao that, with a very little trouble, the observer may rcndi-r himself fiimiliar with 
most of the instnuncnts aud different pii-ees of a]i]>aratus reijuired in miero- 
•copieal obserxatinn. Jijit the author reei.»niuienils the bepnner to *' read " the 
tMX>k by pnu'tifiin^^ the tables, ctunmendn^ at pa^c 'J40, or if he has nut jKitienee 
fur this, he should at least go through the proccsbes in (135, page 73. 
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P!i(8 VIII. — Highlc/a clieap portable end BtDdenfi 

Plnte IX. — Wenliaiu's ariginiil urrungement of tbe binoculur H 
MOpe. 'I'rnveUiDK niTcroKape. 

PiRte X. — Microscope w arranged for exacaining objeda ii 
■nd for makln); dissections. 

Pbite X I . — View of all tbe parts of Dr. Bealc's pookcl Biicrt 

PUle XII. — Dr. Beale's microecope, ae arranged lor cUw d 



* XTV. — Prof. Qnckptt'B diawotmjt microscopB. Tlio im 
mged for filuervatioii. The sama packed np for IniTclling. 
K flite XV. — IlliiiniQatioii by nHlffited ami tmnBmitted light. 
■ FUto XVI. — Liel>erknhn^k!^o[ulcnsen, Kcatml tint glius reSeetor, 
■•d dhk, Polariicop«a. Cainpbinc lump. 

I VMv XVII,— R*f(l6cI«I ligbt wilJi tho Lieberknhn. Achromatic con- 
Parabolic illuniiniitur. llLcroBiKipe bb ummgcil fur dnirmg 

KPhle XVm, — Modex or mesKnring microscopic oijecta. Finders. 

I Tia.lt XIX.— BhiIg.v-h universal indicstor. 

IPbite XX. — Uoiiiinnetcr. MicroRopefor meiuuring uiglec ofcrTHtals. 

iFUtaXXI. — Uetort ttalid. Spirit lunp. Heating plUo. Sim)ila 

fel water bitb. Tripoda. 

I iPbte XXII,— tilciiuon. Scalpels. Valmtin'i kDircii. Nc«dtea. 

KtMo XXIII. — Fonwp«. Section knives. SiiwB. Olnn shuLca for 

■Otoctia^ niicni>oo[)<u olgccti froni dnst. 

IfbrtvXXIV. — Apjnratui fbr making round cells. Bmiis riu^ fbr 

g glan circin. Shndbolt'a apporatns. DiarooniJi far cuttings glon. 

U XXV. — Stronic glan Belli of various aitca and aliapca. 
I PUte XXVI.— Thick built gliui cells. Deeps colls. Colli of peculiar 

iSMe XXTIT-— Portion of the diaphnipn of the white mftiise. 
WM*llig «lcmcntnry moBcnlar fibres, Nerve fibrra, and Cflpillarr veswia. 

F*1«toXXVUI. — Yellow ilbrons tiasiie. White fibrosa t>»«oe. 

BtDiMar fihre. Nerve Hlire. Tracbcte. Adipom tiwae. 

[ Plate XXIX. — Flit. Small vcuel dividing into cupillarica. Dinecting 

wda water. Newt, dissected. 

I nata XXX. — IjJudod Cork. Inttnimont for cutting thin acctioiu of 

M/ait Compreisoriu. 

I Ade XXXI. — Carbonate of lime. Different appearances nf (be same 
Jt in diUereut media, by tranamitled, reflected, and pohiriied light. 

late XXXII.— Villi. Epithelium. Altered nerve fibrts. Entoma. 

" eXXXlII,— Vivaria. Feru cajca. lirantb of anttdiflrii aW- 
ro. Cells of iinscharis. 
I Plata XXXtX.— lluir of ancbnsa. Shells of rare dialonu. Eg;; of 
uanmibug 
I nUa XXXV. — Animalcule cage. Heating apparatus. Prunring 

Sala XXXVI. — Air bubbles. Oil globnlea. Blood corpoacles. Liver 
k Yout fungus. Crystals of fatty acids. 
[^'Plate XXXVII.— Using Ihe pipette. Wash battle. Plnctng on tlia 
ll glass cover. Appomtas for exerting a continued preasarD upon the 

F>Ue XXXVIII. — Corka for the iiyecting pipe. Bull's nose fbrcqw. 
i^Dling can. Syringe. 

l-ftaU XXXIX. — CumparativD siics of the poniclca of some of the 
pbrent eolonring mnttera used as injectious. 

[ Pl«te XL.— Portion of gall hhidder injected. CapJDjiriee of liver. 
" II of intestine orran^d for iojeclion. 
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Plate XLI. — ^Fannel arranged fbr filtering. Folding of the filtering 
paper. Test tubes. Rack and dnuner. Box with reagents, &c 

Plate XLII. — Dr. J. Lawrence Snuth's inverted microscope. 

Plato XLII I.-— Capillary tabes. Box of capillary-necked boitlei. 
Crystals of creatine. 

Plate XLIV. — Crystals of snow. 

Plate XLV. — Spinal Cord. Transverse and lon^tndinal section. 

Plate XLVI. — Photographic microscope camera. 

Plate XLVII.—- Photographic camera, as arranged by Dr. Maddox. 

Plate XLVI 1 1. — Photographic plate holder. Sectional views. Lamp 
with condensing lenses. Pressure finime. Camera adapted to the 
microscope. 

Plate XLIX.^-Oxy-hydrogen lantern with gas bag, arranged ftr 
throwing microscopic objects upon a screen. 

Plate L. — Cells, Animal and vegetable. Formation of starch, iat^ 
&c. Blood corpuscles, their development, growth, crystallization, && 

Plate LI. — Blood crystals. Blood corpuscles. Mucus ooipDSoIe. 
Bacteria. 

Plate LI I. — Mildew. Cells of sea weed. 

Plate LIII. — Portion of mvlohyoid muscle of the Hyla arhorea 
X 1700. 

Plate LIV. — Ganglion cell with stmight and 8])iral fibres. 

Plate LV. — Cianglion cells, showing mode of devoloi)mcut. 

Plate LVI. — Extraneous matters : Potato starch. Fibres of deaL 
Fragments of liair. Portions of feather. Spiral vessels of tea leaf, &c 

Instrument for containing glycerine and other preservative fluids^ 
p. 214. 

The same object magnified by different magnifying powers, p. 218. 
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MICROSCOPICAL MANIPULATION. 



CHAPTEE L 

I-'<i"^OtiroTioii. — The Microieope — Simple and Compound 
JUierotco/teg. Optical Portiok of the Microscopb. — 
y^c Xega/ive Eye-piece — Posithw Eye-jitece—Tke Object- 
ffTiif.-ie« — Spherical and Chromatic Alierration — Angle of 
-- /j" .■■/((;■(' — The Mirror. MECHiNiCAL Poetios of thb 
Ail. i{nscopE. — Adju»tntent» for altering the Mcus — The 
Jio.Ui of the Microscope — The Staife — Diaphraffm — Mierot- 
<r-e3pe Makers — Sludenls' Microscopes — Necessary Appa- 
-r'ntuJi — Large Microscopes — Binoeular Mieroseopet — 2rfl- 
t:mlling and Sissecting Microscopes — Clinical, Pocket, 
H'ravcUiny, atid Class Microscope — Dissecting Microscope. 

T. Introdaction. — The course of instruction which I am about 
oomiiieiice will embmce the consideTatioD of 1111U17 subjects 
<.'!' D strictly practical cbnracter, and although it may be Taund 
devoid of that interest which necessarily atteuds ths description 
of tho Ptructure of liring beings, or the theoretical speculationB 
upon the causes of vital phenomena, I trust it will proTC prao- 
liooll/ usvful to those who desire to prosecute miomscopical 

Wy aim will be to describe the mode of examiuing different 
I>jccts iti the microscope, the beet methods of diaplayiug their 
'- i-ucture, and the manner in which tbey may be preserved 
, -/minneutly. How best to demonstrate the peculiarities of a 
- 1 nicture is a question often asked by the mioroscopist, and it ie 
an important one, for upon the method employed very much 
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depends. The success which attends our etTorts in this | 
research is, I lielieve, in great nicnetire dependent i 
kuowledge of tbo Tariooa methods which experience has 
to be adv&utogeous for rendering the anatomical pecuiiarJUea ol 
a texture clear and dietinat, and it will be fouad th&t the mom 
important new facts which have lately been added to science 
have been discovered by men who have paid the greatest atten- 
tion to the action of Tarious re-ageuta, and have devised new aud 
ingenious modes of investigation. 

From my position as a teacher of physiulogy and murbid 
anatomy and of cliaical medicine tu a large medical s^ool, I 
have been naturally led to direct my attention chicdy to those 
branches of microscopical investigation which belong more par- 
ticularly to ray own department, or which bear directly upon th» 
investigation and treatment of disease ; but in this worb I ahall 
exclude everything of a strictly professional character, t shall 
allude only to those processes applicable to general microscopical 
research, and to the investigation of animal and vegetaUo 
tissues. 

Many little points to which I shall have to refer may perhaps 
be stigmatized as merely mechanical ; others may be r^;arded U 
belonging rather to the province of the chemist than to the 
microscopical observer ; and not a few will perhaps seem to 
some readers unimportant and hardly worthy of attention. 

Some may con<jider such matters of manipulative detail to be 
oat of the province, or even beneath the notice, of a scientific 
observer or a medical practitioner ; but those who feel the reality 
and the nsefulne«s of thorough work will not think this. No nun 
ever did perform real work until he had himself maaterel 
minute practical details. Every one who has c<qwrieQced Um 
happiness of devoting himself to original research natiumlljr 
desires U) encourage others in the same course ; and how can thU 
be done better than by showing as clearly as is possible how 
good work may be carried out I 

There ore few matters upon which more misapprehension cxiBta 
HDong young men than this : how to master elementary prsc- 
tieel details, by which alone real success in the higher branohei 
of work can 1« attained. Not a few express contempt for 
elementary work and mechanical skill, by the aid of which 
alone can any one hope to add to existing knowledge. This Ed«« 
notion has not been discountenanced by teachers iu the firm 
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maimer in which it should have been met. la this particular 
fantuch of iuquirv, for e^cample, the importance of injection aud 
of prapuriug specimeua nnd other pmotical work has been verj 
mach underrated, and in some cases even contemued as useless 
KASte of time. It is the verj grammar of the subjact, yf\aoh 
must be mastered and mofiCered tttoroughl;. The number of 
original ubservera emauatiDg from our scbooU will vary iii pro- 
portiou to the eucourageuieut afforded to this kind of work. 

I feel so very strongly that success in microscopical as well 
as chemical inquiries is conuitcted with a readiness in but- 
moanting com para tivelj small dilliculties and with the posscadon 
of mechaiiicul dexterity, that I feel it & duty to dwell somewhat 
on tbe subject ; and I should be doiug a great injustice to my 
pupils if 1 did not instnicC them in microscopical manipulation, 
aitd endeavour to facilitate, as far as possible, the perforiuanoe 
of those operations which are essential to the successful demon- 
stration of tlie structure of textures uuder the microscope. 
These are questions not l)eneath the ouusideration of any one 
who takes a real iuterest iu studyiug the structure of the differ- 
ent organisms by which he is surruiinded,^aud it is the same 
in this OS in other branches of inquiry, that he who is most fully 
conversant with elementary detail will be the roost successful iu 
the cousideration of the higher and mure abstruse problems, 
while he will feel a real love for his work, which is deuied to the 
mere euper5cial inquirer. 

To endeavour to discover new methods of investigation 
Rppenrs to me to be one of the most important duties of every 
observer, Tu comuiunicate these tu his pupils must be thv 
desire of every teacher of any branch of natural soience, 

I am strongly of opinion that it is more necessary than ever 
that we should teach as much as posiiible by the eye. Iu teaching 
any branch of natural science the (Umonstndion should be com- 
bined with oral teaching. The student should »et what b 
dMcribed ; and where it is not possible for the teacher to exbiliit 
illustrative specimens, good models, drawings, and esplauatory 
diagrams should be supplied. It is the duty of every teacher to 
study bow to communicate knowledge mott eatiln and raoit deaiig 
and to save the student as much time as possible, for it m not 
likely that the amount of work which is required by the various 
eramining boards will be reduced, nor indeed is it desirable that 
it should be. It is therefore incumbent upon teachers to facili- 
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atwding or from mere description with the Etid of di 

By describing the results of the inveitigations of 
enabled to diflase knowledge. By dot&iling the o 
(isTa arrived at from our own iavertigatiouB, each m 
bis mite to the gradually iacreauiig stock of inform 
[mpreBsiug alrougly on his pupils the natu)« of t 
■tops by which concIugimiB in scientific inqi 
length arrived at, and by describing to ihcm I 
methods employed in iuvestigations, the teacher 
ngea his pujiilfl to become original oi*trp*rii, and to iul 
themselves, but he places them in a position to corl 
neenrchea at a point where they have been ubitndo 
leding observers. | 

Microscopical inquiry may be ondcrtaken by persoi 
iny position. The numerous cheap and excellent : 
tidch have lately been made by many £ngliah in 
Ugelj contributed to diffuse a knowledge of minuh 
the annually increasing sale of instruments of all ol 
low popular this branch of inquiry is becoming ; yi 
pust be confessed that the additions to scientific bni 
y no means so grvat, as a consideration of these CU 
Foold have led one to anticipate, and although 
ittriunenta, I fear it must be confessed that 
Hnparstively few. 

The opinion, that it Is only necessary to pli 
eld of the microscope in order to make out its stroo 
T too prevalent. To this erro neomj jilfimmi^flfc 
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ueceasaxy acceuorj apparatus. The miiuj exoelleiit booVs id 
our own Iwiguage render it unnecessary for me to occupy time 
I II a miuuto description of the parts of which the instrumeDt is 
[iipoBed, and to these works I must refer for informaljon on 
! '.A^ head.* At the same lime it will be well for me to allude 
III general terms, and Tcry curgoi-ily, to certain points which 
erety good mioroscope should possess, and to refer very briefly to 
thu geueral form of instrument required by the student. 

T/ie Conijiound Microtcope is the only one now used for mioro- 
■'-■npioal research. Until those great improvenients in the mode 

r making the glasses, now universally employed, had been 
jiii.rciduced by tlie sucoossful labours of Mr. Li&ter, Mr. RusB, and 
'.'[hers, the compound microscope was a very imperfect instru- 
iiieiit, and even up to the present- century the simple nitorosoope, 
wi employed by Leeuwenhock, and improved bj Wollaston and 
rithers, poisesaed many advantages over its more complex but 
imperfect rival. T shall not ntteinpt tu explain those beautifiil 
o|>tical priDci[i!cs upon which the value of the microscope, as an 
instrument for minute research, depends. There are, howevWi 
^;\oral terms in constant use to which I shal! have occasion to 

il'.ide which it seems to me deairable to explain briefly. 

3. Simple KoA Oomponod MlcroBoopes. — In the simple micro- 
'i/it (Fig. 1, Plate I) the magnified image of the object passes at 
I ,ice to the eye of the obBerver. 

In the tompoiiTui microi^it (Fig, 2) the object is magnified in 
rlie first instance by the of-jecl-glrM, o, and brought to a focus 
»ithin the tube, as represented at a, in the diagram. This 
ningnificd image is again magnilied by the ti/e-jiiect, it. The image 
i-; iif course inverted, but this inconvenience may be obviated by 
' iiisiiig it to pass through another set of lenses inserted in the 
iui'O of the microscope, and termed the erector. The magnifying 
. iwor, then, of tlie compound mioroscopa may be increased either 
; inereaaiug the power of the objtel-glau or that of the e^e-pieee, 
I l>y InoreaBing the distance between the object-glass and the 
- i.--piece. It must be borne in mind, however, that in increasing 
■ ■:.!: power ot the eye-piece we do not niagntly the ohject itself in 
greater degree, but simply increase the aire of the image of the 
iiject formed hj the object-gUsa. Any imperfections which may 

•Fuf li«t of works soa I'ud ol ihH vnlume. 



exist in the object-glass are thus grentlj inoreoKd. H< 
Ghoii]d DGVcr work with deep eje-pieces, but when 
mngDify on ohjeot to a greater degree, we xhonld tidspt a 
power to the instrument. Information upon obtaining veiT bi^ 
powers will be given in the tost chapiter. 

In glaiiciiig cursorily at the structure of the tuicroKOpe, H 
will be convenient for me to ollniie iu the first pUce to tb* 
optiatl portion of the instruineut, and seeoiidlj to the mtekafti^ 
appliancef for moving the object, altering the focus, Aa Thtt 
opliml portion includes the eje-^picce, object-gliiss, and iht 
mirror from which the light is reQected so as to pass through the 
object. 

Optioai. PoBTioit or the Miobosoopi. 

4. Hes^ttvs Eye-pieoa. — The ri/e-piecr in ordinu; nae ia (hi 
negatiM or Itughtniait. eje-piece (Fig. 3, Plate I). It consists id 
two plano-convex glasses, the 6at surfaces of each being directed 
upwards. The one nearest the ejo of the observer is th« tgf 
ylam, and the one at the greatur distauoe thejidd^la^. 

B. The FoettiTs ETs-plece, of Rameden (Pig. 4), is onl; oaaA 

in those cases in which it is necesearj to see distinctly Mn^ 
object iu the eye-piece, aa an instrument for mensuring, at 4 
same time that the object itself is in focus. In the lattsr I 
piece the convex surfaces of eaeh of the two glasses 
towards each other as represented in this diagram. 

Eelner's eye-piece is mode like the negative eye-piece, t 
eye-glass is an achromatic combination. At the suggeaUi 
Mr. Brooke I have lately used this eye-piece as a condenser 4 
the beet results. 

a. Objeot-Klaeaes.— The ehjed-gltaae* (Fig. 5, Plate I) t 
the best inBtnimenls are of English manufacture, but b 
those furiuEhed vrith the cheap microecopeg are made on I 
continent, and are much less expensive. The defining pmn 
many of these foreign objcctiveB b very good, and ihef % 
adniiral)!y adapted for all ordinary work — they vary in price li 
ten to thirty aliillings, but a good English quarter of an I 
glass cannot be jiurchased for less than five pounds. 

The two most useful object-glasses for the student ara I 
quarter of mi incfi which should magnify from 200 I 
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E&nd the inck nbicb should Eoagnify from 30 to 40 
The deliDitioD of these glasses xhouJd be good, uud 
the; should transmit plenty of light. Auj lines in a structure 
examined hy them should appear sharp and distinct The nbole 
field Bhuuld be perfect!; flat, and evcrf part of it in focns at the 

»Mine time. The field should not be too small, and there should 
1m no coloured riiuf rouud an; objects subjected to examiDation. 
Some object glaKscs are now made so that the object must be 
viewed through a thin stratum of water placed upon the lurfaee 
of the covering glass {d immergioii). Hartnauh's powers are 
tunoDg the t>est made upon this principle. Mr. Brooke hns Well 
observed that hy this plan tbe object is much more highly 
illuminated, because rays are transmitted, vibich in the ordinary 
pvocess of ciaminB.tiou are reflected Irom the lower surface of 
the obJGct-gloBs. 

Spherical and Chramatio Aberration. — A glass is said to be 
nnoarrected for iphfrieal alrrraCiaii when objects at the ciroum- 
fcroDCc of the field are not in focus at the BStne time as thoee la 
its centre (Fig. 7, Plate II), and it is not corrected for ehrvmatia 
ttberration if there are coloured fringes around any oly'ects sub- 
Jsoted to examination by it (Fig. 8). The doling powr of an 
object-glass will be very imperfect if it be not properly corrected 
tor spherical and chromatic aberration. 

a. Ancle of Apartnre. — For ordinary work it will be fiiund in- 

, Mnveiiient if the object-glass, when in focus, comes too close to 

' le oliject This is a defect in glasses having a high angle of 

perture. The antfU of aperture is the angle made by two lines 

n opposite sides of the apertuce of the object-glass with the 

int of focus of the lens. The angle B A B in Fig. 6 is the 

^le of aperture. Olacses with a high angle of aperture admit 

iiueh light, and define many structures of an eicoediugly delicate 

re, which look confused when eiamiued by ordinary powers. 

r gonenkl work I recomTneud glosses with an angle of not more 

n from M to 100 degrees. 

I Mr. Bmb has lately made glosses having an angle of 170 

I, which are valnablo for inTcstigationa upon many very 

Bale and thin structures, such as tbe diatomocea ; but such 

t are Dot well adapted for ordinary work. The importance 

I Kmnging the object very carefully and the necessity of 

ggreftt attention to the ijluniinatiou, render these gUesM 
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incoiiTenieiit for general oliservation. The penetrating power of 
glotses with a luw UDgle is much greater than in thow of h high 
angle of aperture, bo that exact focUBSiiig is much more im- 
portant ill the latter than in the former. 

The refraction prrxiuced hj the pasaage of the light through 
the thin glass covering the object varies according to its Ihicli- 
nesB, and it has been found necessary to render the higher puvrer* 
capable of being adapted to thia variable rGfraction. It is esped- 
ally neeessar; iu glasses of high angle of aperture, and is eflisoted 
by altering the distance between the second and third pair of 
glasses. An engraved line sbowB the point to which the IcDB 
should be screwed up when adapted for uncovered objeelt, and 
another oorrcBpondB to its position for covered objects. In order 
to adjust the object-glass, it is first arranged for an nncuvetvd 
object ; then a&j object covered with thin gloss is brought into 
CocuB 1)j moving the bod; of the microacope ; next, the ring 
which carries the third lens is screwed round until auf partides 
of dust upon the upper surface of the gla«s are brought into focus. 
The glass is then " corrtcierl " for examining the covered oliJAOt 
which maj be brought into focus. 

8. TUB HUrror, (Fig. U), Plat« II) should be capable of move- 
ment upon an upright beneath the gtage,£othat it maybe armnged 
near to. or at a distance from, the object, and it should be capable 
of being luoUned at any angle, so that rays of light maj be 
reflected from it and made to pass directly through the otgect io 
straight lines, or thrown upon it in a very oblique direMioa, 
The mirror sbould be of full size, one sur&ce quite plane K ~ ' 
other concave, so that a stroug light may be oondenfled upij 
object when required. 
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In directing attention to the mechanical arraugemeoti 
microscope, I must say a few words upon the adjustments 
altering the focus, the body of the instrument, and the stage, 

10. AdJuBtmentB for alCetinK the Focub. — The ordinary move- 
ment is obtained by the rack and pinion. In some the bod; 
is moved by the fingers alone, and la arranged tu slide in a tub« 
like a telescope. Iu the instruments of Mr. Ladd the requisite 
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motion is obtiined by the ordioary milled head, while delioute 
Axnissitig ia carried out b; a lever. The moTemeat ie b; a chain 
iuat«ad of rack and pinion. 

Besides these oonrse adjustmeDts, however, every micrtiscope 
should be jiruvidcd with a more delicate motiou Tor altering the 
focus when high powers are employed. The jine ndjiatmrnt is 
differently arniugcd in detail in various instruinents, but is 
effected by turning a surew having a very fine thread. The 
movement of Mr. Ladd's chain is bo regular and delicate as to 
supersede the necessity of a fine adjustmeut. Mr. Uighley has 
adopted the chain movement. 

11. The Body of tha Uicrotcope. — The instrument should be 
perfectly stendy, whether the liody be iucUned or arranged in a 

vertical positiuii ; mid not the slightest lateral movement or 
vibration should be communictited to the body of the miscroscope 
when the focus ia altered by turning either of the adjastmetit 
screws. The base or foot should be siilBcieutly heavy to give 
stcndiiiess. and should be placed upon three small feet. 

The body ouglit to be provided with a. joint by which it may be 
inclined or placed in a horizontal position, which is required 
when drawings are made with the camera, or when objects are 
measured by the aid of this iuBtrumont. Another advnntage 
gained by this moveable joint is that the muBcles of the neck do 
not become so tired when the body of the microscope is inclined 
a.S when the head has to he bent, for several hours at a time, 
over an instrument Elanding upright. The larger the microscope 
may be, the more necesgary is this joint for the comfort of the 
observer ; and as it in no way impairs the steadiness of the 
instrument, and only adds a few shillings to the expense, I 
recommend every one, in the choice of a microscope, to select an 
■Dstrument whieh may be placed in a vertical, inclined, or 
horijtontal position. The existence of this joint can do no harm, 
snd if the observer never intends to incline liis microscope, it is 
M least desirable that such an alteration in its position abould 
be possible. 

12. Tbe Stan should t>e sufGciently large to admit either 

edge of a glass-slide, two itiches in diameter, to be brought 

uuder tbe object-glaas (Fig. 9, Plate II). The stage of tha 

I microecopeis of Nachet, Oberhauser, and some other foreign 
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mbkera is too sroaU. Tho dietance ^m the upright pillar o Q 
9) to the centre of the object-glass on a bvel nith A aLoultl j 
be less tbati two inches. 

13. DUphrKgm. — BoDeath the stage a. circular dtaphi 
nith holes in it of several difiercnt sizes should I: 
that it can 1* made to rerolve without difficulty and aiiy 1 
brought under the object ; a catch is of great advanti^ 
pladng the hole in the centre of the field (tee Fig. 8). 

14. HicTOBcope Uakera. — Tho great number of differoat 
microscopes and the oscelient workmanship employed in their 
construction reuder it a difficult as welT as a delicate task lot,^ 
n teacher to recommeud any special one to bis pupils, 
many of the inatruments which I have used are e 
good, I doubt not that there are others, which I have never I 
an opportunity of testing, quite as good in every respect, 
the next tectioa the iustnimeots of several makers are alluded 
to, aud the names and addresses of the principal English and 
Foreign microscope makers will be found at tbe end of t 
volume. 

It is due to those makers who have taken the lead in^ 
manufacture of cheiip microscopes that their instruments i 
be specially referred to. By tJisap microneyiu I t 
ments which, with two powers, un inch and a quartern'>ol% 
be purchased for about five pounds. 

IB. Btndanta' MloroMopeB,— Mr. Salmon, Mr. Itigblef, t 
Mr. Matthews were, so far as I know, the first i 
London who brought out a really good, cheap, practicid ii 
Toent, furnished with foreign objeot-g! asses. Mr. IligU 
first microscope is represented in Plate V ; Mr. Salmon's i 
microscope is represented in Plate IV ; Ktr. Uighley'i 
pattern in Figs. 41 and 42, Plate XUI ; Messrs. Murray 1 
Heath's new microscope (7/.) ta a very giwd and most o 
instrument. 

I would strongly recommeud all who are about to parotu 
Btadeut's microscope to examine the instruments of these n 
I can also recommend the uew microscope ol Mtwsn. Si>u4 
Beck, which costs live pouuds. 

The microsoopo made by Mr. Field, of Biniiingham, ■( 
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gained the medal at the Society of Arts, is, for tbe price, an 
excefdinglr good inBtmnieDt. It is provided nith two eye- 
pieces, two object-gl&gges (magnifying from 30 to £0U diiinietera), 
trnJIVeye coudeoser forceps, mid a live boi, and, packed in 
ftbogunj case with this apparatas complete, costs only three 

IliuM who wisli for a microsoope as perfect as can tie made 
:f& 'he present day, I should advise to look nt the beautiful 
ilMtrumeots of Powell uid Lealuad, Ross, and Smith and Beck. 
In alluding specially to these instrumeuts, I wish it to be dis- 
tinct); undentoud that I do not in any way disparage the wurk 
of other and less celebrated makers. As I have had very great 
experience of the instrumeuts of Messrs. Powell and Leoland, 
I feel it right to state that I have always fuund their work most 
excellent. These makers have done mnch to perfect the com- 
poaud microscope, and they have produced the highest and most 
perfect cbjeet-ghisses yet made in Europe. Messrs. Powell and 
L^milftod's microscope, which folds up in a very small space, is 
lutedia Plate III. 
iu cbooaiDg a microscope, the following requirementB should be 
Wne in mind : — With reference to the optical port, — the inch 
ebftet-fflau should magnify not loss than 30 diameters, and the 
/piarter not less than iOO, when the thaUoie eye^ect is applied. 
The _ru7J should be well lighted, and the lines of delicate objects 
submitted to examination should be sharp and well defined, 
vrithout coloured fringes when placed iu the centre or at the 
einmmference of the field. The mirror should be large (at least 
Jem iuohes in diameter), one side plane, the other concave, and 
should be adapted to the body of the microscope iu such a 
that the distance from the object may he increased or 
while it m also necessary that it possesses lateral 
n order that very obbquc rays of light may be mode 
impinge upon the object. 

'"Witk regard to the mechanical portion of the microscope, the 
iments should work smoothly, and an object placed in the 
for exaniiuation should not appear to move or vibrate when 
turned. The body should be provided with u 
so that it may be inclined or placed quite horiiontully. 
stage should be at least tkrte inches in teniilA by tv)o and <t 
in ■mdlh, and there should be a distance of at least an inch 
ft h&lf from the centre of the opening in the stage over whioh 
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the slide is placed, to the upright body. The motion of the slide 
upon the stage, Eud all other movementa and Bdjustiuealfl. 
Bbuuld be snidoth and uvea, without an/ tendeiii;;' to u jerkiug 
or irregular UCtiou. 

16. NsceBsary Apparatiu. — Ever; student's microBCOpe sbould 
be provided with a. ntvtral tnU glau rr/ttctor for dramny ami 
mrafiring tijtclt, a diaphragm, to the uuder part of wbioh is 
fitted a tube tu receive an acAromaiic condenser, or palarinitff appor 
rattM : a buWt^ffe cornien»er, one t/mllow ii/r-jtiect, and two powers 
— a lo^B mit, mogni/ging /ram 20 (o 40 dtametfr*, aad a quarter 
t)f an, indi vhich magniJUi at l«tut 180 diamettrt, a itagt mcrt>- 
meter (S02), a MaUioood'i fijider (§07), and an animalcule cage 
(§133). 

These instrumeutg should be convenientlj packud iu the case 
with the microseope. Tlie polarixiug apparatus and the oohro- 
matio ouitdeueer are not ubuolutely neoeseary for n beginuer and 
can be purchased afterwards. The cost of the inicruBcupe without 
these lust instruments, but including the other apparatus men- 
tioned, in a well-made case, should not be more than ixx pounds ; 
and iF the microscope be mounted upon a cnst-irou foot instead 
of a brass one, it may be obtained for about a pound less, with- 
out its practical utility being in any way impaired. 

17> Larse Hlcrowiopea. — The large expensive microscopes are 
provided with every instrument which modern science bai 
placed at the di«|Kisal of the observer. For delicate investi- 
gations many of these are invaluable, but for ordinnry work they 
are not necessary, and their expense is so great ae to place them 
beyond the reach of iho great majority of oliservers. Very 
expensive and delicate instruments are required eo seldom iu 
ordinary work that most observers will be able to examine any 
special preparations under the instrument of a friend, whenever 
such very minute examination is necessary. The members of tJie 
Itltoroscopical Society have the advantage of using under certain 
Tegulatioiu most beautiful instruments provided with varj 
high powers. A very complete instrument has been liberally 
placed at the disposal of the society by Mr. Ross. These micro- 
scopes are now arranged ready for work at the rooms used by the 
Society at King's Collc^ from 6 to 8 o'clock on each evei 
Society meets. 
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18. BinooiiUr BUoroaoope. — M. Nctchet's iuBtrumeut and 
Jlr. Wenham'fl perfected binocular is represented iu Plat« VI, 
s»d in Plate VII drawings of other binocular microscopes lire 
given. Jlr. Wenham has succeeded in producing the moet perfect 
airan^ment of this kind. The first plan he adopted is repre- 
sented in Plnte IX, Fig. 2 1 ; but the new method last stiggeated bj 
him, and now adopted by all microscope makers in this countr; 
is seen in Plate VI, Fig. IG. 

The binocular is applicable to almost ever; kind of micro- 
uopicd research, but it is not neaessar; for the working student, 
and where very high powers are required, the appearances are 
not eo perfect as could be desired. I cannot recommend those 
who wish to work at microscopical investigation generally, to 
provide themselves with a binocular microscope only. In practice 
it will be found most convenient to work with a very simple 
instrument. The binocular should be a separate microscope 
altt^ther, or it should be possible to remove the binocular tube 
frocu the body of the microscope and substitute for it a simple 
tube. Gxoelleut and cheap binocular microscopes (about lOf.) 
Kte made by Messrs. Crouch, Messrs. Hurray and Beath, 
and other makers. {Set the list of makers at the end of the 
Tolume). 

■19. TraveUing, BIlcro«oopei. — Jfr- Warirujlon'i Arrar^ement. 
TPor travelling, especinlly for sea-side work, it will be 
Ipvenient to be provided with a microscope which can be 
ed in a smaller compass than the instruments before alluded 

r, Warington, some time since, designed a very simpla micro- 
a for travelling purposes. The stand consists of two Sat 
a of oak, fitted at right angles to each other bj meana,of 
The stage is inserted into the longer one, to the top of 
1 the body of the microsi:ope is adapted by means of a 
mp, in which a horizontal bar carrying the body can be 
backwards and forwards. This instrument can be 
tnged in an upright or standing position, and by means of the 
mp the body can be attached to a table, so that living objects 
I upright glasses can be subjected to examination. In its 
alt form, however, the instrument is not so steady oa could 
shed, but by a slight modification in its structure it could 
bftiblj be made more so. 



ulk ot the 
rea, Am 



14 HOW TO VQBS. 

80. TiBvelUnff, Dlaaectiiic, wtd Vivkilvm 
Another I'lmple form of trmvcUing ti)lcroecti|>e U dewrihed by b4 
iu tlie fuurtli volume of the TrxiuwlioDB nf the Uicnsooinal 
Society (page 13). This instroment u made entirely of tubei, it 
vorj *t««il7, uid can be lucd iu nor poatiun ; it it wprMWitri 
in Tftrioiu podtiouB in PUtes IS and X It make* m esodHeot 
microunjw lor diaaecting, and the nltcratiou of fociM is 
very npidiy bj means of & knt« luvcr, which wu Undlf Duda 
for in« 1)7 Mr. Bucker, iDBtead of a Krevr. 

This microacupe takes tt> piece* and can tie paokod in a ver; 
enull case. Ittt structure is eo simple that it caiuiot easily g«t 
ont uf order. The legs of tho tripod stand b^ve W«u IBad« nith 
hinged jciinta by Mr. Matthews, which diminishe* IIm liulk of the 
inHtrunieut, when packed up, to a Mill greal«r d^rva, ~ 
price, however, of tliia microeoope it ^ (lUthoo^ I 
it mijfht be well made for ooosidcrahly lew), while 
Hr. VTaringtiin can be purchased fur half that sum. 

Mr. Uighlef baa BUggested a very cheap form of 
microacope which is also Btmng. Tliia is detcrihad in the 
Miorusooptcal Journal, Tol. IT, puge 278. It b repreaeated In 
Plate Till. 

m. Clinical, Pocket, TravellinK, and Olaas Klcrosoope.— 
Under this head I propose to describe an instnunent devised br 
me some jears Eince which I have found verj useful fur general 
Dbservation, in the field, and also for medical work, and lur date 
demoiutratiun. 

7*A< iCietvwco^ie.— Like aome other instrumente which have 
&om time to time been proposed, this microsccpe La composed of 
draw-tubee like a telescope ; but the arrangement of the stage, 
and the plan adopted for uioving the slide wheu different paila 
of the object are submitted to examination, differ eutitelj, as far 
as I am aware, from those hitherto adopted. The instntmuU 
consists of three tubes, a, b, e (Fig. !6, Plate XI): " oaniea tb« 
eje-piece. is four and a-half inches long, and slides in b, which it 
of the tame length, but onl; slides up to its centre in the outer 
tube e. Tube A carries the object-glass. The tube c can be fixed 
by Did of a screw ring d, at anj height, according to the fucal 
length of the object-glass. This arrangement prevents the ndc 
uf the object-glass being forced through the preparation wtaDe 
being fooussed. At the lower part of the body is a eoraw 
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(Fig. 28) for fixing tho proparatioa lu any particular position, 
and an aperlure for throwing tbe light ou opaque objeuts. The 
preparation ia kept in contact with the flat surface below by a 
spring, which bHowb the requisite raovemeuts (o be made with 
the hand (Fig. 30). 

That part nf the object wbicli it U desired to examine can 
easily be placed opposite tbe ohjcct-KlosB if the inHtrument is 
iuverted. Next, the focus is obtuined by a screwing mavement 
df the tube b ; and if it be desired to examine any other parts of 
the object, this is enxily effected by moving the glide with one 
hand, while the instrument is firmly grasped with the other. 
Delicate focussing is effected by drawing the tube a up and 
down. By this movement the di^tanee between tlie eye-pieoe 
and objeot-glaes is altered. 

Any object-glass may be used with this instntment. I have 
Adapted yarious powers, fl'om a three-inch, magnifying /IfktTi 
diameters, to a iictlfth, magnifying seven, huiidrcd diameters, and 
1 feel sure that even higher powers may be used. 

la the examination of transparent objects, ordinary daylight 
or the direct light of a lamp may be used ; or. If more coiivenieiit, 
the light may be reflected from a sheet of white paper, or from a 
snull mirror inclined at the proper angle, and placed on the 
table. 

In examining objects by reflected light, sufScient illumination 
is obtained from an ordinary wax caudle placed at a abort 
distance from the aperture, just above the object. But the most 
beautiful effects result from the use of the Lieberlcuhu with 
direct light. I 

The slide, as bas been stated, is kept in contact with the lower 
port of the instrument, which I have called the stage, by a 
spring which is therefore made to press on the bade of tht did*. 
On the other fide of the stage a little screw and clamp ore 
placed sothnt the specimen may be fixed in any position that 
may be desired (Figs. 28 and 29). 

lu u^g this microscope, the slide with the object to be ei- 
amtDcd is placed upon the stage, the thin glass being upwards 
towards the object<glass, while the Epriug is made to press upon 
the ti'ul»r snrfaoe of the slide. The little screw is removed. 
The slide may now be moved in every position, and any 
particular object to be examined can readily be placed exactly 
under tbe object-glass. Tulw a is withdrawn about two-thirds 
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of its length. The tube c being firmly held with the left | 
b a gilisped with the right, and with n screwing r 
object-glass is brought to its proper focus. The specimen Itnrin^ 
been fi:(ed with the little clamp, and the tube fixed in its paution 
by screwing down the ring fitted on tube c, the instrument nmy 
be passed round a class. Tliia miscroacnpe seems to be well 
suited for field'Work and espeoially for botanical purpoises. tt 18 
not heavy, and, including the powers and n.n animalcule cage, 
will e.tsily pack into a tul>e or case six and a'half inches long 
and two inches in diameter. I constantly use it iu clinical 
teaching. Various deposits, specimens of sputum, &o., may be 
examined by the patient's bedside, and their charaoters demon- 
strated to the class. I think thut a most efBciont instrument of 
this kind could be made for 30s., or, with one Ion poner only, 
even for a guinea. 

The inatmment is made by Messrs. Powell and IiCaland, by 
Mr. Matthews, Mr. Highley, and other makers. 

The Sa/u/.— The arraugemeut of the stand will be at once 
understood by reference to Fig. 35, Plate XII. The structure of 
the lamp is represent«d in Fig. 33, Plato XI. It is an ordinary oil 
lamp with a diaphragm, just level with the wick, in order to 
cause 3 powerful current of air around the flame. By thia 
means all flickering is prevented, and the instrument may be 
moved abont without fear of the light being blown out. The 
diaphragm is made of a plate of mica, and the aame substance is 
placed over the aperture iu the chimney h. The lamp is made to 
slide in the grooves marked fi, g. Fig. 36, Plate XII, and it is fixed 
at the proper distance from the object by the screw, Fig. 33 1, 
When required for reflected light, it is placed in the groove 
marked c. Fig. 35. A good modification of the lamp haa lately 
been made for me by Mr. Ilighley which possesses some advon- 
togcs over the one figured. It is probable that thia may still be 
somewhat modified. In the last arrangement the lamp is made 
to slide on a horizontal bar which turns on a pivot, so that ths 
position for reflected light is easily secured ( Plate XIII, Fig. 40). 
A mirror is employed by daytime, and slides in the same groove^ 
or upon the same rvd, as tlie lamp. 

The mirror, achromatic condenser, polariscope, and drawing 
apparatus can all be readily adapted to this instrument, and. 
from its simplicity it will probably be found very ci 
photographic purposes. The microscope, without powers, < 
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sed for twenty-five ahillingB, and with the etiDd it will 
y cost nut more than three pounds. 
In using the InBtrumeut, the object is first adjusted at an 
ordlnaiy lamp, and when in focae, the microscope is ploci^d in the 
■t&nd and firmly fixed in* its place hy the clamps. The lamp ia 
then brought to its proper position, aud the whole may bo passed 
round, lu about two minutes the specimen may be changed 
and another placed in its stead. 

, By this plan 1 have beeu ablo to show twelve prepamtions 

ified from 1& to HW diametera, to a class of upwards of a 

indred during nn hour's lecture. The condenser, mirror, dia- 

I, may also be made to slide upon a rod fixed to the lower 

-t of the stage as shown in Fig. 27, Plate X. 

^I hare had an arrangement adapted to this microscope which 

tables me to use it for demoiiGt rating structures with still 

•X powers. In the instrumeDts used at my lectures given in 

Ml at the College of Physicians, I was able to use successfully 

R powers up to the twelfth (TW diametera), and I feel quite 

'|tisfi«d that the plan will succeed equally with the highest 

■a which have ever been made. An instrument is now being 

|de to take the ^j, the highest power yet made. 

I^ese hand miorosoopes can also be readily arranged in a tine 

tite XII, Figs. 3S, 39), or in a six or eight-sided frame (Figs. 

t 37), in the centre of which the light to illuminate all the 

Duoo may lie placed. 

I One advantage of this arrangement for demonstrating to a 

class is that while every one can alter the focus to suit bis vision 

the preparation and light are quite out of reach. 

22. Diuecting UicToacope. — The beat form of dissecting 

microscope is that devised some years ago by the late Professor 
Quekett. Figs. 44, 45, 46, Plate XIT, show the instrument 
folded up, with an India-rubber band round it, in a manner 
which admits of its being carried in the pocket. Fig. 45 shows 
the internal arrangement and the manner in whioh the mirror, 
leuses, and lens-holders are packed away. The straight fiat bar 
• ea tbe left serves to keep the legs from closing together <»ee 
, and also as a support for the mirror which slides into 
if brass tubing attached to the ilat bar. The instrument 
I with three lenses, and is to be purchased at a 
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CHAPTER n. 

jEtamiiiation hy Reflected Light, Trantmitted Ligfit, and 
Polarised JUght. Beflecteu Lioht. — Different Methods 
emploifed — BulV»-ey/i Conderuer — Metallic Side Sffteetor 
— lieherktthn'g — Xiiirh-ground Illumination — ParafioUc 
lUuminato) — Annular (hndenser. — TmnsMrTTBii LiaBT. 
— JHapkraym — Aehromalic Condenser — Qilletfg Cb«- 
(tenter. Polakized Lioht. — Polarizer — Analgzer — 
Iceland Spar — Toumialiite~-Iodo-quiitine or Herapathite. 
li.i.ujcraATiON DY AKTiFiciit LionT. — LampK — Cam- 
phine Lamp— Oil Lamp* — Araund Lamp — Preneh Mode- 
rator Lampn — Oas Lamps — Of the Impttrtance qf Pro- 
teclififf the £^0* Jrom the Diff'uted Lufht of Lamps. On 
Dhiwiso Micbobcopicai Specimens. — Camera Lucida 
Steel Diie — Ifeulral Tint QUua Sifleelor — Arranainf the 
Light — Of making Draicin^t which it i» intended fAoiiU 
be Engraved — Tracing Paper — Relramfer Paper^ Wood 
Jiloolu — Ofohtaininq Lithographn of Microieopical Draw- 
ing» — Dramng on H^nsfer Paper — Drawing on the Stone 
—Of Engraving on Stono — Transfer Paper — Lithographic 
Ink — Lithographic Stonet — On the Importance qf Ob- 
tervcrt Delineating their oam Work. Otr Meabdsino 
OBJSOra. — Cobweb Micrometer — Test Object* — Vobert'e 
Lines — Jaekton^a ^e-ptece Micrometer — Stage Mioro- 
meter— Simple Direetiont for Measuring Object* — On 
aieertaiaing the Magnifying Paieer of oi/ject-glasset — Zb 
ancertain the Diameter (f an Oijeet — Standards of Mea- 
tarement — Conversion ofPbreign. Standards of Measwrement 
— On Findert — On Meaturing the Angles of Crystals .- 
Oonitmetcrs. 

tRsriACTEi) LtattT, Tjunsmittkd Lioht, akd Poulkikks Linu-r. 
Fkoh tlie most cursor^ esaminatiun of objects we learn tliftc 
their iiitemol struatnre differs matcridlf iu charaoter from the 
exteniiil surface, and if the iuteraal nrrBiigement, as veil as the 
external sur&cc of an object, beesaiuined \>j the microscope, the 
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mt wiE (btni aa idea of its nature very different to that 
Ite aonld have mrrivcd at if lie had regarded ot 

ihf. AgtuQ, by employing polarized light ve aaj 
It points in the structure of an ohject which 
W pwwived when it ia examined by ordinary light. 

I utiut therefore direct atteution to the three foUowing 
nwlb>ds of directing the light upon objects submitted to mioro- 
Mupickl examination. 

1. Rajlfrttd Light, in which the light is thrown down upon the 
o^eot, uid the peculiarities of its surliice alone ohserred, u iu 
lookiug ftt different objects under ordioary circomstancee. 

S. Traasraiildl Light, The second mode of exanination is by 
tha kid of transmitted light, by which any inequalities in the 
iutonifti structure of an object are demonstrated. 

3, /'olarmd Light. By means of which the internal structui* 
uf various transparent objects may be rendered evident, in a 
manUDr in which they cannot be demonstrated by ordinary illu- 
inliution. 

lUfitetfd tight may be employed for the esarainatiun both of 
tralMpkront and opaque objects, but transmitted light is only 
Itdnptvd for the examination of transparent Btmctures. Every 
ut^eot to bn examined by transmitted light should be very thin, 
cir must bo rundfred ttanaparent by some special method of pre- 
IHtrntioH. To view au object by reflected light, the light must be 
llirowu down upon it from above, by employing either the direct 
nyi tmta a tinninou* iHidy, or by the aid of a reflector ; bat in 
order to «oo the inteiTinl structure of a transparent object by 
tnnsinittoil light, the light must be so placed that the rays can 
{HtM directly tlirough it, or they must be reflected upon its lower 
■iirfiuw iVuin n mirror placed beneath it, and arranged at the 
pro[jur nuglo. 

d LIrht, — The light employed may be ordinary 
If/M^/^Ar, »'i\\li;iht. or the Huht of a tamUt, or good lamp. The 
Tn»i»t liiitiortiiiit modus of illuminating objects for examination by 
nnHMHirtl light uro tlio following :— 



Dayllrbt. 



-1. Sjr ardiu&ry diluted daylight, sunlight, oi 
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86 BnU'e^^ya Oondenaer" — 2. Bj cnudeusing the light upon 
the object bj means of a large Bimpie plauo.ooiwe* leua, or tulCt- 
tye tontknatr (Figs. 43, 50, Plate XVI}, or when very high powers 
are required, bj e. combination of two leusea, couvenientlj 
arraoged. The ordinary arrangement for csuniining objeotB by 
reflected light ia represented in Plate SV, Fig. 47. 

86. Ketallio Beflector.— 3. By causing the light to be brought 

to a focus U|Miu the object by means of a sniall ooucave jnftallie 
rtjkcttir fitted upon one side of the iiiBtrument. 

27. lieburkulLii.— 4. By causing the rays of light reflected 
from the mirror and passing round the circitmftrence of the object 
to impinge upou a concam annular reflector or Lieto'tv/in adapted 
to the object-glass, from which the raye are reflected downwards, 
and brought to a focus upon the surface of the object itself 
(Plate XVII, Fig. 56). The light is prevented from passing 
directly tlirough the object by a small metaJ stop, e, or even by a 
{liece of black paper placed immediately beneath it, and oorr^ 
spending to the aperture of the object-glass. This arrangement 
will be readily underatuod by referring to the figure. 

The firtt mode of illumination seldom affords sufficient light t* 
■bow the character of the surface satisfactorily. The teeond and 
third plans are those usually adopted, aud are the most conve. 
nieut as well as the most vHicient modes of illuminating the 
of objects. The fourth method is now seldom resorted to, 
and is only applicable in cases where the object is small enough 

permit the passage of a sufficient quantity of light around it. 
If 8 transparent object is to be eianiiued by reflected light, a 
piece of black paper, ratberlarger than the aperture of the object- 
glus, should he placed behind it to prevent the passage of light 
through it, or one of the stops supplied with some instruments 
may be inserted in its place beneath the stage. The stops, how- 
ever, are not furnished with many of the modem microscopes, as 
the second and third modes of illumination, aud those next to be 
described, a&brd the most satis&ctory re^tg. 

28. Dark-Kroniid TUumiaatlan. — In this place I mnst allude 
I cunorily to a mode of illumination which has been much in 
I repute of late years, and which is very advantageous fur demon- 
I Btrating some structures. I refer to dark-ground iUuminatiMt, ia 
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nUcli the olijoot appears in relief upou a liilaok gtvund. 
lunde of illumiuntion is particulorlj applicable to investigs 
uponBome ver; minute orgaiiiEms, such as the dintomaccH!. The 
appesrauce pruduceil is v&ry diSertint to that ubtaiiied by merely 
throwing the light upun the surface of the object, aiid maoj poiutg 

I BULj be learned with reference to the unture of the markiugs upou 
t Bpeciiueu which could aot be ascertaiu^ by the ordinary 
Uthods of directing the light upou it. lu tliis mode of illumiua- 

!• tion the direct raya are pi'eventcd bnm pcnetiTiting the dpecimen^ 
aud passing through the object'gliiss, but the pre{iantUoa j~ 
highly Uluuinated upon ull sides by light made to impinge u 
it in a very obUque direction. Thus tlie object is thorou^ 

KiUuiDiDntcd at »11 poiuts, but the ground on which it Ue«, 
ipp«ars perfectly dark. Tbere arc aeverul methods by which 
~ 'i result may be obtained. One very simple little instriuueut 

Bit termed a tpot-glatu* and cousista of a plano-convex lens, the 
convexity being so great that rays of light passing through it 
would be made to converge with a great degree of obliquity, and 
would bo brought to a fucus at v. short distance above the flat 
surfooe of the leua. In the centre of the flat sur&cu is plac«d a 
small circular piece of bluclc paper in order tu piuvcut the pu^ 
ange of auy direct rays oC light. The lens is fixed in a brass tulv 
made to slide up and down, eo that it may be adjusted at the 
proper distance below the object, 

89. The Parabolto Seflector of Mr. Wenliam, Mr. 8hadh(i!t's 
fWfiM/nr roiuUnzer, and G\c parahdic illutiiiiuitur of Messrs. Smith 
and Beck are beautiful instruments for effecting the same 
purpose iu a more efhcient manner (tee Plate XVU, Fig. 68). 
Another excellent plan has lately been devised by Jlr. Weuham, 
the simplicity of which recommends it strongly te our attention. 
A small triangular prism is placed Iieneatb the object, so that one 
of its plane surfaces is in contact with the under surface of the 
slide carrying the object. The light ia refracted so highly that 
none passes direcUy through the object, but, being thrown at 
the proper angle upon the under surlaco of the thin gloss which 
covers it, is entirely reflected (rom thenoe upon the olgeot itaal4<B 
which ia thus highly illuminated. 

The Rev. J. B. Reade has contrived a very useful bemiapliei 
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igmjiiing objeotB exhibiting very delicate Unea by 
oblique light (tee Tmns- Mic. Society, lSi;i, p. 59). 

lu emplojiug the apotglius or parabolic iUuminator the light 
should be reflected fram the plane mirrar. 

80. Transmitted UKbt.— In digouasiug the mode of iUuminn- 
ting objects li; transmitted light, I must briefly draw attcntlou to 
two or three heautiful instruDietits fur condeiiaing the light upon 
the object. The microscope, in Plate XV, Fig. 48, is arranged in 
the ordinary poaitiOQ fur examining transparent objectn. Tlie 
light may he received upon the plane or concave mirror, accor- 
ding as a moderate or brilliant light is required ; but, as a general 
I rale, tho intensity of light BbutiJd not be greater tbau necessary 
I to make out distinctly the structure of the object. Direct auuUght 
B not to be empluyi-d, and a very strong light of any kind is 
P hurtful to the eyes. The best light during the day is to be 
I obtained from a white cloud upon which the suu is shining. 

IMaphraBin.^ Beneath the stage in most microscopes ia 
I placed a plate with holns in it of different sizes. This is the 
I di'^r<igTa, oud is employed for catting off the most oblique rays 
superfluous light. Every microsoope should be provided with 
I n diaphragm, fitted on about an inch beneath the stage, and 
I arranged on a pivot, so that any of the boles may be brought 
\ ondcr the object (Fig. 9, Plate II, \\-2). The definition of the 
I atmctore of a transparent object Is often found to be very much 
clearer when oaly the more direct and central rays of light from 
are allowed to pasa through it. 



02. Adhromatlo Condeiiaer. — The illuminatioQ of some objects 

examined with high powers is much improved by causing the light 

to pass through an achromatic condenser which consists of an 

ordinary achromatic objective of half or a quarter of an inch 

t foous, arranged in a sliding tube immediately beneath the stage. 

I Oneof these instruments can be fitted to (he student's miaroBCopft 

I Ur. Quekett baa adapted a simple lever handle by means of which 

^the right focus b readily obtained (Plate XVII, Fig. OS}. 

Th4 instrument is not an expensive one if it be made of a French 

oorabination. Practically, however, I have obtained very good 

' illumination for the examination of tissues without usiug on 

I Bchromatic condenser. Indeed, I have found in many cases that 
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I Doald tee more clearl; without it than with it. A Kelaer's 
oye-pieoe, however, ae alruadj stuted, niakea a moct valoable 
achromatic coudunBer, aud is of the iDost material assistuioe in 
osiiLg very high powers. The lenses used for oondcusors sae 
ugually much too small aod the puwer tix) high. 



89. OtUett'a Cmidenaer.— Mr. Gillett haa adapted a diaphragm 
plate and stops to tlie achromatic oondenwr, and there is a 
beautiful iiiBtrument of this kiud made by Mr. Itoas. Messrs. 
Powell and Lenlaiid haTe,howeTer, improved upon it, and brought 
out a much smaller and more compact condenser, which is 
attached to their microscope, 

84. Polaiiaed. liglit. — In examining an object bj pobrisod 
light it is uecessary to have one crystal beneath the object, 
tormedthe jmlariier (Plato XVI, Fig. 53), and fitted luidep 
stage, and another oue above the stage, inserted into the 
above the object-glass, or adapted to theoye-piwe — this is ' 
the analj/itf (Fig. 94). 



object, 
dep the 
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SB. loeland Spar. — TariousoTystalline substances are employed 

for polarizing the light, Two orystals of Icflirnd tp'ir are usually 
preferred. Thcao are divided obliquely, and connected together 
again with Canada balsam so that one of the two imugcs formed 
by thia double refracting crystal is removed from the Geld of view 
(Plate XX, Fig. RD), Tourmatint crystals have also beeu used, 
bat their colour is a disadvantage. 






96. lodo-qufnine. — By the kindness of Dr. Herapatb 
received two beautiful crystals of the Ma-giiinine, or Utroj 
prepared by him for polarixiug the light. These are Tnoonted 
between two pieces of thin glass, and they effect the object for 
which they are intended perfectly well. 



87, Objeota Examined. — It is most instructive for the observer 
to subject atiecinieiiH of the same object to esamiuation in four 
diforent ways. He will not (ail to notice the very different 
appearance presented by the object. 1, The surface of the object 
may be examinud by rrfitefed h'g/u brought to a focus upon it by 
means of a bull's-eye condenser. 2, The tight mny l>e refiee Ui 
Upou it from a Liei/erHhn. 3. The ligiit may he trausg 
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R rough the object after it has 1!>een reflected from the BurTace of 
e mirror. And, 4. The object may be placed under tba influ- 
ence of pclarual liffAl. 

Now the very different appenrancea observed should be care- 
tuUy noted, and after each examination thu etudeiit ehould 
endeavour to form a notion ot the probable nature of the 
eubrtanee, and the precise arrangement of the elementary parts 
of which it ia made up. Lastly, the cooclusiou arrived at with 
reference to the nature of the structure after having been 
snhmttted to these four modes of examination should be con- 
trasted with the idea which would have been formed of it if 
an observation had been made by one mode of illumination only. 

88. ArtlflciBJ ninniinatlon. — It may be said with truth that 
microBcopical work should, if possible, be undertaken only by day- 
light, since the most perfect artificial light which oan be obtained 
18 hr inferior for delicate observatjuu, while it strains the eyes 
very much more. SttU many of ub are compelled by necessity to 
work priucip.il]y by night, and it is therefore a matter of the 
greatest importance to he provided with the bcBt kind of 
Bitificial illamiuation. 

89. Iiampa. — From time to time variouB microBoope lamps 
have l>eeu proposed. The small eamphine lamp of Messrs. Smith 
and Beck represented in Plate XVI, Fig. Cfi, is one of the most 
perfect small lamps which I have seen. ItgiveB a beautiful white 
light, and produces very little heat. Of oi2 /ani/ia there are several 
which serve for microscopical examination, The Orrman Argand 
lamp, lately imported into this country by Mr, PilUscher, is k 
good microscope lamp, and bo also ie the Frrn^h motltralor, 
especially if provided with a blue or neutral tint glass, and a 
shade. The common paraffin lamps give a most excellent light 
for the microscope, but Belmoutine afiurds still better and whiter 
illuminatioD. A cheap and at cbe same time very efficient 
microscope lamp is still a desideratum. 

40. Qae Lamps. — For those provided with gsa I recommend 

■ strongly thegaa lampof Mr. Highley, which is provided with 

^ft fiat brass plate and a water bath, iustramccts of great use in 

Bioroscopical investigation. The light is made to pass through an 

a diaphragm, so that the eyes are quite protected from 



the difFnsed light. A rcry pleaaant light ia produced by caufdug 
the rays to be transmitted through a hiae ohiniD.>y gloss andaflat 
piece of neutral tint glass. Tho only objection Co this Ump ig its 
grent huating power. One of these Inmpa is represoutvd in Plftte 

xvm, Fig. 06. 

In oH cases the eye should be carefully proteuted from the 
dazding light vihen not employed iu loukiug throtigii the instru- 
ment. The eye not observing should always be kept open, but 
should bo protected from the direct glare of the microscope- lamp. 
For this purpose a shade made of black paper may be fitted to the 
body of the instrument at a convenient distance below the eye- 
piece. In all cases tho light should be perfectly steady, and so 
situated that it may be conveniently reflected upon the object by 
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41. or Drawing Objeoti.— It may almost be said that all real 
advance in our knowledge of the minute structure of both auimnl 
and vegetable tieaues, depends upon the drawings which are made. 
It is almost hopeless for an observer to attempt to descrilie what 
ho sees in words, and such descriptions, however careful they may 
be, cannot possibly be compared with those of others. On the 
other haud, a truthful drawing of what a man has seen lately 
may he compared with others which may be made a hundred 
years hence, although the means of observation will be far moM 
perfect then than they are at present. Much may be learned by 
such ODiiipacisoiis. I am sure that an houcst inquirer cannot be of 
greater use in his time than by making good drawings of what 
he has seen ; — they will be of far greater help to our gucceBSora 
than any amount of description we can write for them, and we 
ma; feel sure they will look at our drawings if they are honesli 
Copies of nature, while we all know that comparatively very little 
of what we write will be read when the wliole aspect of this 
department of science shall be changed, as it vrill be. 

In dehueatiug an object magnified by the microscope it is 
iniportaDt to copy it correctly, both as regards the relative posi- 
tion of the several structures to each other, and also with re8p>ect 
to giae. To copy the size exactly will be found estremely difficult 
by the eye alone, but there are several ways of proceeding by 
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which accuracy moj be eiisiiruJ. Some of these I shall now 

briefly describe. The aimplest method is tu plaoe the paper upon 

! level as the stage upou which the oliject is situated. 

If wei now look steadily at the object with one eye, while the 

th« is eoiployed to govern the movemeuts of tlie peuoil, the 
^eot will appeal tu be throwu, as it were, upun the paper, aud its 

mtliue may be very readily traced. By a little pructiue the 
MlntiTe use of objects may be insured in tbiit mauuer, but it is 

roublesome and diflicult to keep both the object and paper per- 

ectly etilL 

, Oamera I.11C1I1I&. — The priuciple of the camera lucida hus 

' bocu applied to tukiiig microEOopioa! diawings, and has been 

found tu succeed admirably. The object appears to be thrunn 

dewu upon the paper, and with a little practice the observer may 

tiacB the liuea with great accuracy. 

4a. Stoel Disk.— If a little steel disk be placed at an angle of 

klG* with tiie eye-gloEs, it wilt receive the mugaiSed image of the 

bbject and reflect it upwards upon the retiua uf the observer. 

e disk is smaller thau the aperture of the pupil, aud the peiiuit 

t the some time bo seen sery well as it traces the image 

areutly throwu down upou the paper beneath. The steel disk 

b repreeonted iu Plato XVI, Fig. 53. 

. Neutral Tint Qlasa luaeotor. — The simplest and cheapest 
reflector for microscopical drawing, cousists of a small piece of 
plate-glass slightly coloured, in order to improve its re&ectlng 
_ power, but still not so dark aa to prevent an object being seen 

^^^ptiirough it perfectly. This is also arranged at an angle of 45' 
^^^nith the eyegloa, and the draughtsuian cnu very easily fc-Uow 
^^^Bil |ieDoil upou the paper. This instrumeut is represented iu 
^^EbteXVI, Fig. 51. 

^^m In order to use these instrumeuta, the microscope is arranged 
^^^Boiuoutaliy, and the paper placed oa the table, as shown in 
^^piate XTII, Fig. m. 

46. Arranging lAgbt. — It is important, however, iu using these 

instruments, to arrange the light carefully. The image should 

^■^itot be illuniinated too intensely, and the paper upon which the 

^^^Bbawtug is made should not be too much in the shade, or the 
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point of the pencil will Dot be seen distinctly. Esperinient o&n 
alone decide the relative intensity of the hglit upon the object 
and upon the paper, but with a little practice the proper amount 
of illumination will be discovered. The distance between the 
reflector and tbe paper should be precisely the same aa front the 
object to tbe eye-piece, for otherwise the size of the object 
delineated will be altered. 

The object appears to be thrown upon the paper, and its outline 
is Tery readily traced. If it is to be drawn smaller, it is only 
neoessary to place the paper upon a stand closer to tbe reflector. 
If, on the other hand, a large diagram \t required, the distance 
must be iucreased. By placing the diagram paper upon the floor, 
the object can be readily traced with a long pencil. In this 
manner many of uy diagrams have been made. They mv 
course be accurate copies of the objects themBclvca, and ue 
therefore far mors truthful than diagramB copied from drawings 
rcpresetitiug microscopical structure, can be. If the distance of 
the diagram paper lie olirays the same, the drawings so obtained 
may l)e compared with each other, and scales of measurement 
may be appended to them by proceeding in the manner described 



49. Of mafeispr Drawinn whidi It U Intended ihcmld tw 
BnETaved. — With a little practice, the obEcrver may acquire the 
power of drawing on wood, and the engraver will oftco be able to 
produce a more faithfiU representation of the object than he 
could by copying tbe drawii^ of the microscopical observer. It 
is, however, necessary to practise the plan of producing varieUes 
of tints, by straight lines, whenever this can be done, as 
labour of engraving is thus much economised. 1'he drawing 
should first be made roughly on paper, in order to obtain the si 
and general characters of the object. A piece of retrausfer paper 
is then placed upon the prepared block, and the prominent lines 
of the drawing retraced with some bluut-poiated instrument (a 
needle, the point of which has been made blunt by filing it* 
answers very well). By using a slight pressure, the colour of the 
retranefer paper is transferred to the wood block in the lines 
corresponding to those of the drawing. These lines are after- 
wards reproduced by lead pencil, corrected, if necessary, and the 
delicate parts of the drawing filled in by carefully copying from 
the object. 
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If the cngmvitig is to be a fac-sunile of the drawing n'itli the 
'iSerent paita on correBpouding sides, it ia uccesaary, in the Gnt 

nlttce. to copy the picture with ordiiisry tracing paper, and inifrt 
' a tracing upon the retransfer paper on the wood block, as the 
nipreeaiuns are uf course always reversed ; or a reverse may be 

kbtaiiiod by copying the image of the drawing rcQccted fVoui a 
Ookiug-glasB. Beautiful epecimens of wood engraving are aiea 
a egme of the plates in Chapters V, Tl and X. 

47. Tracins' Pa|>er is a very transparent paper, obtained by 
■oaJciug tiaaue paper in some oily material, and allowing it to dry. 

4S. BetcaofnK Paper consists of tracing paper, upon one side 
of whicii a fine red or black powder has been rubbed, which 
adheres to the paper pretty firmly, but which, at the same time, 
may be made to adhere to another surface by ^rm pressure. 

Wood Blooka arc ftrfparcd by rubbing a little dry oar- 
bonata of lead aud brick dust motBtened with water upon the 
surface, and aUowing a very little to dry ou. In this way a 
smuotb white surface is obtained, admirably adapti.-d for receiving 
moat delicate drawing. It is well to nioiaten the white lead 
trith a little very weak gum water, which makes it odhere firmly 
[to the surface and gives a very smooth face. Wood blocks may 
[tie obtiuued of Williamson and Sou, Picket'place, Strand. Every 
[obeerver should draw ou the wood block himself. 

SO. Of obtaining Uthographs at Klcroscoplcal Drawings. — 
I think it desirable to give a few directions for drawiu>; ou atone, 
as I believe there are many observers who would willingly give 
up the neoeasary time required to place their work ou the stone, 
who could not afford to employ a lithographic artist. I made 
tnuty drawings in this niatiticr some years a^o, and with the 

ilpof ahoy, who could at first draw but tittle, have been able to 

iblisb numerous drawings, which are very accurate copies 
if the objects, although iu execution will not bear cooiparison 

itb artists' work,* 

d. Drawing on Transfer Paper. — If the drawing does not 
WDlain much very minute work, it may be drawn on properly 

■ Sec tlie e»rlii?r uumbera lA my ' AruliiveB." 
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prepared transfer paper with lead penal, direct 
roioroBcope. Aflerwordj, the lines &re to b« traced 
with litbogrsphio int ; the Blinding maj be effected by delicate 
lines made wiih the pen, or with lithographic chalk. The latter 
plan, howcYer, ia not well odnplcd for malting transfer drawings. 
The drawing ii then to he sent to the lithographic printer, where 
it is damped, placed downwards on a dr; stono, and after being 
subjected to firm pressure, the paper may be peeled off, Ifaring 
the preparation, with the drnwing, on the stone. Tlie littter b 
removed with water, the drawing properly set, and then the 
printiug iulf applied iritli the roller. 

BS. TransfieT Paper is prepared for the pnrpose. That which 
was made of India paper, I found answered exceedingly well.* 

83. DravinK on Uve Stone. — There are two plans for drawing 
on the stone ttsotf, which produce better results than the pre- 
ceding method, hut they require more practice for their porform- 
nnce. When much shading Is required, and extreme delicacy of 
outline is imiiecessarf, the outline is first made on paper, and the 
drawing retraced on the stone Ju the maimer desi^ated in S 'IS ; 
the outline may then be traced with ink, a pen, or very Sne sable 
hair hruBli. being used for the purpose j the shading is to be given 
with the lithographic chalk. The chalk is to be very finely pointed 
hy cutting downwards, the point being uppermost (as m pointing 
an ordinary chalk crayon}, and held in a handle made out of a 
common quill. The lilies are to he made very gently, repeating 
the strokes frequently with a light hand, when depth of colour is 
required, rather than by leaning heavily so as to remove a con- 
siderahle quantity of chalk at once, and deposit it upon the 
stone. When chalk shading Is employed, a finely grained stono is 
required. 

H. Ot^awTBTtiBg on Btone. — If the work is ver; delicate, as 
is the case wilh most subjects the mioroBCopica! observer wishes 
to obtain representations of, engraving on stone will give the 
most sutisfactury results. The process is very simple, but requires 
cunsiderahlo practice in executing it. The stone must he finely 
polished, and it is well to have it tinted with a little infliraou of 

■ To Iw oblalned of UcBars. naniBon and Bone, Bt, Mnrtin"d 
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}og<Kooi, or to cuver it with a thin layer of lamp black, which 
enables the draughtsniiui to £oe bis strokes better. The outline 
the drawing is traced ns before, and then the lines Borutched 
Ipon the stone with a very fine point. A nocdle point, 
previoaaljr hardened by being heated red hot and suddenly 
dipped in oold wa,ter, inserted into a strong handle, muy be 
lued. I generally nse an etching Dcedlc ; the point requres 
to bo sharpened from time tu time upon a hone. But a 
properly made diamond point is far better The dork parte 
are shaded by lines placed very close together, or orosa shading 
may be adopted, or the tint miiy be given by dots, as in copper- 
plate engravings. Generally it is better to try tu obtain the 
appesrance of texture by copying, as nearly as poagible, the 
oharaoter of the tints of the object itself. The thickness of 
the line in the print will depend upon the width of the line, 
without reference tu the depth to which it extends into the 
stone. It is dedrable to make two or three narrow lines near to 
each other, instead of one wide one, when a thick line is 
required. After all the lines have been scratched, the stone Is 
4ent to the lithogKiphic printer, who will obtain iinpressions firom 
It. The oily material only adheres to the rough scratches, and 
nbieqnently when the stone is wetted, the ink only attaches 
iUetf to the oily parts. 

06. UthOKTaphlo Ink. — The ink may be obtained in the fluid 
ttftte, but it is better to use the solid ink, a little of which is 
I rubbed up with water when required.* 

Uthographic chalk may be obt^uned of different degrees of 
I hardness, — it can always be made much harder by melting it and 
I rolling it into sticks. 

ee. Lithograplilo Stones.— The stones are sold by the pound. 
I It i> deurabie to obtain stones lai^e enough to hold four octavo 
n of drawings, as the expense of working a stone of this die 
I is little more than that only large enough to contain one. 

I * Tbe atimmlnB. !□)[. chiilk, Sic., ulluilod to, (^an bo ohUined of Messrs. 
I WLt.itlD». i\.--,TB. Ilnghss mi KlmWr, Rr<l Lii;a Court, Flmt Street, 
1 aad Dii>-l ljxliij):ratiltera It is ooly duo to Messrs. HotHkid, of SL 
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is 1 bod DO knowlodgo «f practiciJ lithognpli;. 
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C7. On the inLportance of obmerrers dellneattoB their dm 
work. — It will, I know, he said that these processeB take much 
time, Bud ailer all arc of a nature which au Intelligeat dntughtS' 
mau can perrurin, nud hardly worth the Inbuur which a 
tnicroBopicai ohserver, who wishes to carry tbetn out, must be 
content to hcstow. Ohjectioua of other kinds nmy be urged, but 
I catiiiot but f«el that if I bad been prevented from having the 
dravrings made at home, not one of the pages illustrating miaij 
of my works would have been published, I remember how 
much I needed at one time the little information given here — 
and I therefore gladly communicate it, imperfect as it is, in case 
there may be others in the same situation as myself. Now, 
I believe that it is qaite ae impossible to obtain a good repre- 
sentation of auy microscopic object without long and oarefiil 
etudy, as it is to produce a copy of any other object iu nature ; 
and surely it is hard to expect a draughtsman, who is engaged in 
copying variona eubjecta, to spend hours in looking at specimens 
in a microscope, observing things which he neither knows noi 
perhaps desires to know anything about. Neither is it posmbls 
that any one man can make himself fully oonveraant with all the 
beautiful minutis iu every branch of mioroHCopic iuijuiry. It it 
true that Mr. Tutfeu West, and one or two other gentlemen, have 
taken up this kind of drawing and engraving, and biive produced 
most beautiful results. I believe Mr, West's success as an 
engraver of microsoopio objects to be due to the interest he takes 
in the subject, and to his being himself a practical microscopical 
observer. 

There are many drawings of microscopic objects which ought 
to be publiehed, and although these may be of little interest to 
persona generally, are absolutely required by those who are 
working at special subjects. Now, however rich a man may be, 
it is doubtful if a large sum of money should be spent in 
employing artists to do work which, however well skilled, 
they cannot do so truthfully as the observer himself, nnlew 
they had devoted the same attention to the subject. Few have 
time or incUnation to do this. There is not the same question 
abunt our own time. Whatever is worth doing at all, and is 
worth recording, is worth an espenditure of time, is worth doing 
well — though it may involve some sacrifice on our part. 
Whatever is observed is worth copying, provided it has not been 
correctly copied before. It would, I think, be quite possible for 
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my to learn the process of drawing oa stone, and thus engrave 
uiy drawings of great use which wuuld not otherwise be pub- 
Hsbed. 

Very much yet remnins to be done in representing micro- 

KMpic texture f^thfully. Photography has done much, and -will, 

^doithtleu, assist more, but there ai-e many structures the colour 

if which alone renders it quite impossible to obtain photographs 

if them. It can only be by patient study, that any one can hope 

Bb« able to copy accurately by band the beautiful and delicate 

!■ and tints in many microscopic objects, but it is so important 

it this should be doue well, that I cannot too strongly urge ou 

I those who wish to work at the microsoape, eurucatly to 

le drawing as much as possible. 

' AH advance in our knowledge of strueture, as well as of the 

B.adaate changes incessantly going on in living orgauisms, depeuds 

ill thinlc, in great measure, upon accurate copies of the ol>jeotg 

E'tang made, for in this way alone can the work of the present 

ration he uwful to that which succeeds it. 

It IB beyond the power of language to describe the charaotere 

I'Wf tnany structures iu such a way that their appearance could !« 

■ilSprodnced in the mind of another, and even if this could be 

> wonderfully delicate and minute are the observed 

les in many cases, that any attempt to classify and 

our observations seems :<t present hopeless, and become* 

« hopeless iu proportion as observations multiply ; while the 

rat meaning which differeut persons attach to words and 

phrases, introduces another difficulty in our attempt to collate 

nd deduce inferences from the observations which have been 

Paude. 

Take for instance morbid structures. Although we possess 
observations without end, we are not yet able to group them 
under general heads, nor are we acquainted with their mode of 
ir conversant with the changes which take place in their 
IBtoinieal elements at different periods of their growth. Much 
~Seiilty has arisen from the attempts to assign definite names 
Ktmtioug growths, while the precise characters included under 
J partiottlnr term have never been properly defined— and it is 
^btful if this can be done except by a nomenclature, the 
^plex nature of which would be fatal to its introduction. 
' K rarely our knowledge on these and other aubject« would 
a muoh more extensive and more accurate, if instead of 
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long deecriptioDS we bad I>«en fiiruUhed with sketches of the 
morbid growth, its dimeiisiuiia and weight, the length of time it 
had beeu growing, and a few general points in tliu hittturj of the 
oue, with accurate drawingi of tlie minute structure of the 
tumour. It is true that all pursoua CKTinot drnw well, but a rer/ 
little putieouc will euahle aiij one to copy a microsoopical 
specimen, and an acciirat« copy, although it Iw ref^ bad!; 
executed, hiig an upect of truth which is uumistakeable, while t 
drawing which is the ofitpriiig of the itnagination instead of a 
simple copy of nature, bears the mark of untruth in every lin^ 
however elaborate aud unexceptionable its execution niaj' be> 
Errora of observatiou are, I believe, much more easily detected in a 
drawing than in verbal description. A mistake or misintar- 
pretation expressed iu a drawing can, and at length must be, 
corrected by auhsequont observation, while ill-observed or mis- 
interpret^ fact^, cloaked iu ol)scura laDguage, may be pfo- 
pagated for years, and no matter how false they are, it may be 
very difficult tn refute theui. I would, therefure, urge npon 
every one the importance of making drawings at wbalevcr cost of 
time and labour; It la worth any sacrifice to do really good 
work, and if every observer could but record a few nccurate 
observations during his life, the united labour would indeed be 
productive of great results. 

I would also strongly urge upon observers the importanoe 
of at cnoe ngrveiug upon some general plan of deliiieBting 
ubjecta, su that our observations may be useful to all, wliile the 
titak of those who will hereallcr have to arrange and deduce 
conclusiuue from our work will be much facilitated. The value 
of many beautiful drawings would be greatly increased if a seals 
of lUOths or lOOUlhs of an inch was appended to them, and the 
magnifying power of the object glass stated. This would net 
have added five minutes to the time required for the task, while 
it nould have rendered the drawings cvmpamble with othen. 
In some, the magiiirjing power is nut even mentioned, and En 
others there is reason to believe it is wrongly stated. 

Every one who copies an object should slate the magnifying 
power of the combination of len»es he employed, aud should 
append a scale magnified by the same ombiiiHtioii {Set $ 62). 
Let it not be supposed that I am inseusible to my own short- 



comings in these and many other matters. I n 
every drawing I have published might have been, aud 



that 
light to 
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^ve been— belter,— and I oan only hope th»t the desire for 
ir wurk useful to each other and to our lucceeaurs, as 
rU u to ouraelvea, will be received as a BufScieut apology for 
luw ramai'ks. 



Ob Meas 
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BorthB larger and complete microscope* aie furnished with 

crometers adapted to the instrument, hut it appears to ue 

tat the nmple method of measuring objects, presently to be 

irtbed, Co a great extent supersedes the iicceesity of thoM 

% espenBiTe nrrangementa. It will be well for me, perhaps, 

II the first place, to describe briefly the different fonns of 

Bicrometers in use. 

, Ibe Cobweb Htorometer, origiTinlly applied to telescopes 
y Ramsden, its inventor, is a beautiful instrumeut, which can be 
|tt«d to the upper part iif the IkJj of the inicrosoopc. A lixtsd 
Kbweb crosses the field of view, and parallel to this is another 
Bljw^h thread capable of beiug brought near to, or separated 
[) the first, by turning a milled he.td, to which is attncbod a 
idnatcd circle. The value of eaoli degree on the oirde im 
tained by placing an object of known dimeusioiis, as the 
W micnnutur graduated to thousandths under the objeet-glaaa, 

I aacortniniug the number of degrees on the serew which 
KrT«epond to the I-liVIOth of an inch. From these data a simple 
' ibb may be constracted, and the diameter of auy object can be 

xdily ascertained by bringing unc side of it up to the fixed line, 
md oausing the moveable line (o touch the oppusile. If we 
u the value of the degrees on marked upon the cirelewhen 
! are separated at the proper distanoe, we may estimate 
Botly the diameter of the oljoat, The older observers used to 
objects by means of very delicate wires, separated from 

II other by certain known distances placed in the focus of the 
^-piece, or by employing points, one of which could be moved 

from or towards the other by means of a screw. 

BO. Jackaon'B Eye-piece Micrometers. — Mr. Jackson arranged 
a micrometer slide in the eye-piece so that it could be brought 
OTec the magnified image of the object by means of a screw. 
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60. 8ta«« HIoroDUtara. — Within the Inst few jears, lines, 
separated from cnch other by certain known but very uiiuule 
intorvala, have been ruled upon slips of glass by meaiiB of ft 
diamond attached to a beautiful instrament, provided with a, most 
delicate arran^ment for moving it tlie required diatmioe from 
the last liue engraved. A. eecutid line is then ruled, theti a third, 
and so on. Excellent stage micrometers of this kind have been 
ruled hj Mr. Jackson. Thej can be obtain«d of all the iiiKtrunent 
makers ) but tbcy are nun made hj Messrs. Powell and Lealaod. 

61. Teet ObJeots. — To euoh wonderful perfection has this pro- 
cess been carried, Chat H. Nobert. of Griefswald, in Prussia, baa 
engraved linos upon glass su cIom together that upwards of 
S0,000 would go in the space of an English inch. Several aeries 
of these lines were engraved upon one si:)) of glass. By these 
the defining power of any object-glass could be ascertained. As 
test objects, they are equal to, and even rival, many natural 
objects which have hitherto been employed for this purpose. 
The delicate lines on eoine of the diatomacete are separated 
from each other by the l-50,000th of an iuoh, while the finest 
lilies engraved by M. Nobert are not more than the I-100,OO0th 
of an inch apart. 

In order to measure the diameter of an object the glass sUde 
upon which the lines have beeu engraved (I-IOOOth or 1-lOOthof 
an inch apart according to the magnifying power} may be plaoed 
beneath the object upon the stage. This arrangement, however, 
is only suitable for low powers, since the objeut and lines caunot 
be in focus at the same moiueut, so that it is impossible to obtain 
a very correct measure men t. 

The podura scale is a most excellent " test objeot." Aocwrding 
to Prof. Bailey of the United States, Grammatophora subtilisuma 
and Hyalodiscus subtitis, are the most delicate tests (" Smith- 
gimuin ConlriliUioni," Viils. II and VII ; also a paper by 
Mr. Hendry, " Q<iarC- Joam. 3iie. Scitnce," Vol. I, p, 179, 1861 -, 
one by Messrs, Siillivant and Wormley, " SUHmau't AtnerKoa 
Jenntal," Jan. ISBlj. 

For testing the penetrating power of an object-glass, very fine 
nerve fibres, as, for example, those distributed to vessels, or very 
delicate fibres of striated muscle, mounted in glycerine, may be 
empluyed. It should be borne in mind that the object glasses 
with a very high angle although very viiluable for reaearohe* 
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in ttia difitoniiicete, aud other very delicate objects of extreme 
Baniiitf, do not answer so well lor investigatious upou 'the 
Itmcture of animal and vegetable tissues, as glasses of a moderate 
|k Torj low angle. This question is fully disouMed in the remarlca 
^ to " yew OSJtcU." by Dr. Cwpeuter, " Tht Microicojxt and it* 
Stetlationi," pp. 141, tt Ma. 



fcthat 



Simple Method of UeoinriiiB' Objecta. — The nwat simple 

ioaciouB manner ol measuring objects ii with the aid of the 

I or neutral tint glass reBector referred to before (| 44). In 

le fidd of the microscope is placed an ordinary micr^imeter, nith 

tines separated by thoniandths of an inch. Care being taken 

tliat the instrument is arranged at the proper distance from the 

paper, the lines mogniticd by a quarter of an inch object glass 

ue carefully traced. The micrometer is removed and replaoed by 

■|e object whose diameter is to bo ascertained. In Piute XVIII, 

'ig. GO, both micrometer lines and objects iire shown magnified 

the same power. The object is traced over the lines, or upon 

ither piece of paper, and compared with the scalo by the aid of 

passes. The lines may be engraved upon a slate, and 

value affixed, so that any object may bo at once measured. 

require of courue a diffurent scale for each power. Such 

may be made upon pieces Tof gummed paper, and one of 

may be affixed to every microscopical drawing. Fig. 61 

wveral such scales maguilied by different powers. Thus 

size of every object delineated may be at once ascertained, 

and the trouble of making individual mcasorements saved, while 

lit the satne time the inconvenience of a long description of the 

dimcngions of various ohjecta is avoided, than which nothing can 

more tedious or less prulitable to the reader. 

In oomparing the representation of the same object delineated 

difiereiit observers, it will be often found that great confusion 

been produced in consequence of the magnifying power of 

ol^ect-glasa not having been accurately ascertained, and an 

gect eaid to be magnified the eame number of times by two 

ihorities, is not nnfrequenliy represented much larger by ona 

m by the other. This discrepancy in moat caaes arises from 

magnifying power of the glasses not having been accurately 

irtfuiied in the first instance. 

cannot too strongly recon.mend all microscopic observers to 
irtain for themselves the mugnif^ng pounr o/every oliject-ghu 
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■nil to prepare, in the nuumer presently to be deecrilwd, a toaU 
b/ Mtnmiremrnt bg ichicK llie dtaunnioni of trtrff vijtcl cait U at 
mux atartainrd. 

Tbe plan of appemling to ever; microscopical drnwing & scale 
maguifiud iu the eaiue degree as t!ie objeat represented, eupcr- 
Bedca tbe aecessily of giviug meiuurements iu tbe text, while it 
ia free from any of the objcctiouB above referred to. Willi very 
littla troabie, every oue out prepare scAles for hiinsclC. 

63. On Asoartainln^ the ISatgi^tsiaK Power of Object-arlftue*. 
— I will now doscrilie the uiethud of ascertaining the niaguifying 
power nf the difTereut looses. Akhimgh the several object- 
glasses are tcrmed'ouc inch, oiie quarter of ou inch, one eightli, 
bo., the tnagnifyiug power of each is not deGuite, and Vba 
quarters uf some tnnliers mifiiify uiiiny times more thnu those of 
others. It is well, therefore, that every observer should be able 
to ascertaiu for himself the ntnguifyiug power of his dilTcrent 
glasees. Suppose I wish to know how uuah a French quarter 
magniBes. The one-thousand th of nn :ucli micrometer is placed 
in tbe field, and the magnified image is thrown by means of 
the neutral tint glass reflector upon a scale, divided into inches 
and tenths of inches. The magnified fine-thousandth nf an inch 
covers about two-tenths of an inch, and ounBequcntlj the glass 
magnifies about 200 diameters ; for if it covered one inch, the 
thoasandtli of an inch must hare been magnified 1,000 times, 
but in this cose it only corresponds to tbe one-fifth of an inch, 
and therefore the one-thoiisandih is magnified 200 times. For 
lower powers the une-th»uaandth of an inch scale may be 
employed. The manner of ascertaining tbe magnifying power ia 
therefore exceedingly simple ; hut it ia very important for tlie 
observer to know the magnifying power of every lens, and he 
should ascertain this tiefore he couiincnces to make any oIwct- 
vatiuns. This simple process will be readily understood if 
Fig. 6i in Pkte XVIII bo carefully studied. To c«rry out this 
plan it is only neceeaary to be provided with a stage micrometer 
divided to lOOths and l,OpOths of an inch, and an inch scale 
divided to tenths. 



et. To Aacertain the Diameter of an Olijeat.— If an object 

be substituted for t!ie micrometer, and its outline carefUlly traced 
upon paper, its diuieusiuns may of coui-se be easily asoertaiue:! by 
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imporison with the micrometer lines. The magnilyiiig poirer 

d beiltg the siiiiie in both cases. 

In or<)er to Apply thb plan to micro^npical drawings genor&Uf, 

e foUowitig seeing Co be Che simplest method of proceedLog, ftnd 

res much troiihle. Scnlea are carefully drawn upon gummed 

l|Mpor} thu mognifyiui; puwer. and the micrometer employed 

g vrritteu sgaiuat tlieni lis repreaeutcd in Plate XVIII, Fig. Gl. 

f a number are drawn tugother, one of the rows can be cut oS 

ind Iippeiided to the paper upon which the drawing, magnified in 

e degree, has beeu made. This is the plan I have followed 

1 the drawings which illustrate my ohsarvations, and the 

t have been copied in the wood-cute and platea. All 

ni^ng glasses of the same focus do not magnirj in precisely 

rU>e eaiue degree, so that it is ncces^ry for every observer to 

I'^wwrtaiu liir hiuisctf the uagnifjiug power of his lenses. 



65- StMidarda of Meaenrement. — In this country we usually 

iinploy the Eiigliijh inch, lint ou the continent the Paris line 

I ~ -UttSS, or about l-llth of an English inch, is very generally 

1. The sigu '" is uaed to siguily " of a line," and has been 

temployed by J'rofeBsor Kolliker in his works, while" aigoifies 

'■of an inch." 



69. Conversion of Foreisn St&ndarda of Msaanrementa. — In 
[irder to compare the researches of different authors, it is often 
1 1 necessary to convert or.e expression of measurement iuto another. 
^'!Qie accompanying tftble of Ur. Robertson's {•^£dm. JloiuA. Jour. 
■ :^ ScUiiet," Jan. 18G2) will be found of great use in making 
e calculalJons. Deputy Inspector Ovnerid I>awsou gives the 
Kiiillowing rules, in a paper communicated to my " Jrc/iivtt" 
[ToL II, page iSi). A. unit is reiiuired that will admit of 
DTOBOopic mcosuremente being expressed in the snioUest 
inbor of figures, and permit of foreign measures being 
Eterily couverted into English, and i-ift eerai, and the decimal 
■aotatiou should be adopted to facilitate comparison between the 
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Mi>st microscopic measurcmctits are under the hundredth of aa 

inch, and a hundred-thouHandth of an inch c&miot lie measured 

with certainty. The requirements of the case therefore may be 

■tatod in deciinalB of an English inch bj '00101, and if the two 

ciphers next the decimal point be Btruok out, and the tirat 

L Diuuber be considered the unit, it maj be written 1''0I, iu which 

I ft thooBandth of au inch is the unit. This method will emliraoa 

1 nearly every microicapiQ magnitude in three uuusecutive figures. 

The foreign measures are the millimetre and the French and 

I PrusBiaii lines. The two latter are so nearly equal, that iu the 

II fraction required in the prrseiit subject they do not differ 

I aeaaihij, and the same rule will serve fur the conversion of both. 

A niiliinietre containa -03337 EngLsh iuches or 39'-a7 ; aocord- 

ing to the method proposed, the leugth to be converted will 

seldom amoani to one-fourth of this. To convert millimetres 

into thousandths, aliift the decimal point one place to the right 

ftnd multiply by 4 ; if greater accuracy be required, suhslract l| 

from the second place of decimals for each of the nearest numbers 

, of units of the product. Thus D"''°'2Q0 becomes 2 M which 

^ lO'UO, from which subtract ''IS; and !l'*35 is obtained as 

I'the value iu thousandths of an English iuch, while 0°'°"26 is oijusl 

l.io 9''84, which diSers irum the former by a quantity too small to 



To convert thouBandths of EngliEh inches into niillimctres, add 
l-l( iu the second place of decimals for the nearest number of uuits 
I in the sum, divide by 4, and shift the decimal point uiio place 
I to the left, thus— to 9'-e4 add ''15 and the sum 9*009 -i- 4 = 
I S-4SS, tind shifting the decimal point '^■"'2408 which does not 
fdiffer sensibly from ""=■25, the correct quantity. 

A French line contaioe i>Hd8 English inches. To convert lines 
Iwto thousandths of an inch, shift the decimal point one place to 
I tll« light, and multiply by 9 ; if greater aoourucy be required, 
I subtract l i from the second place of decimals for each of the 
wnearest number of units in the pri>duct. Thus 0"''l£5 becomes 
which X S— ll'*25, from which subtract ''ll.aud the value 
I'ln thousandths is found to he ll'*li), which is correct. 

To count thousandths into lines add 1} in the second place of 
jnals for each of the nearest number of unita iu the sum, 
iiride bj 0, and shift the decimal point one place to the left, thus, 
o ll'-lO add '14, the sum 1125 divided by 9, and the decimal 
imt abifled one place to the left g^vea l)'"'125 as before. 
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Id moBt coees it will he uuneoesmrj to Kppiy the e 
noticed above, but by icmRiubcriiig thi- »)i(irt rules given, any tj 
OD ruHdIiig a furtigii work may correct the iiieLLsurenieulfl » 
reads, uud insert them lu thu margin without dalaj or intwfil 
vith liis progress. 

87. On Finders. — Yarious plans have been prtipoaed from q 
to time for marking the exact positiun of a minute object t 
specimen, so that it caa be pUced in the field of the i 
whenever required. A. tine liue o( vamiah nr Brunswielc ta 
may lie drawn round it, or a small aiid very tliin nietwl t 
[about the tenth of an inch iu diameter) maj be moistened 9 
the varuish and pressed upon the glaaa cover, so as to encircle II 
particular object required with the line. 

Mr. Bridgman, of Norwich, has designed an "instrument for 
drawing a circle upon the thin glass with a diamond puiut 
(" MiaiutfoiiiMl Journal," Vol III, p. 237 J. This instrument is 
represented iu Pkte XVIII, Fig. ttO. A, a brass cap fitting upou 
the end of the object glass, which it entirely covers up and 
protects from iqjury ; B, a stem soldered to the dde of the cap 
with the upper end having two projecting sides to steady the ends 
of C, t, and /; which are firmly secured to it; C, an elustio anu of 
hammerod brass, which carries at its lower end D, a lever of thin 
brass plate, having a fragment of diamond inserted in its thinner 
end, and directly under the centre of the cap A ; e and / are two 
Springs, prcming upon the shorter end of the lever D, the longer 
one/hasahole toallow the screw A to pass without touching it; 
y, a screw holding the two springs and the elastic arm to the arm 
of the cap ; A. a milled screw to adj ust the elastic arm G, so aa to 
bring the diamond point away &oin the centre, according to the 
uze of the ring required. When the object has lieeu found, the 
cap carrying the diamond point is placed on the object glass and 
carefully adjusted, so that the diamond point is brought tuto 
coutacc with the surfiice of the glass, it is then turned round, and 
tlius a line is drawn round any object which can be readily found 
at any future time. 

This same end has been gained in another manner. Graduated 
soales linve been affixed to the stage of the microscope, so as to 
measure the exact amount of movement in the vertical and 
horizontal direction ; the slide being placed in position agaijist tt 
etop at the side. The number on the two scales is noted <vhen tl 
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L (ibj«Ct is seen iu the lield, aud, hjr placing the stage opposite the 
le uuuibura, nt ti,aj future time the object must appenr iu the 
le p<>sitiui). YariimB tngeuioua "6wier8" hnvo beeu propoBod. 
F A T«t7 simple and efficient one is represented in Pinlc XVIU, 
I Fig. l>4, iu which tlie scales are ruled on piiper (Mr Wright, "Stic. 
■-" Vol. I, p, 3(12, 1863), whiuh is alterwardK fisi^d iipou the 
■ ttage, but it i* better to have the lines ruled on the brass itself! 

Sailti/'s Unitfrt'd /udicacvr.—tir. J. W. Bailey, of the Dniiwd 

F Bt&tes, hns described au iustrument for registering the positions of 

I miuus objects upon u slide, in Vol. IV of the " Quartfrli/ Jaiimal 

I pf i/ienutofiival ScUnet." The ftrmngement is seen iu Piute 

I XIX. The centre of the field of view corresponds t« the point 

ivhecs the horimnlail liue C D intersects the vertical line E. F. 

The piece Q, I. H is niovcable. The slides upon which the olgecta 

ue mounted must have guide lines, as shown in Figs. 1 and 2. 

I This indicator is (o be firmly lisei to the stage of the microscojie, 

\ care lieisg taken that the centre of the indicator corresponds to 

L the centre of the object glass. The mode of using the indicator is 

' obvious. 

All such devices have, however, been superseded in cases where 

the microscope is provided with a travelling stage, by the very 

olever atrangement suggested by Mr, Mallwood (■' Tram. Mie. 

' &0," Vol. VI, p. Od, 1kS8). a little stop is placed upon one side 

\ cf the stage, iu contact with which one end of the finder, aud 

^ afterwards the glass slide can be placed. The finder consists of 

a plate of glass, upou which numbers are arranged in minute 

squares. These run in two directions, vertically and horizontally, 

BO that in each sijuare there are two different numbers, except in 

the case ol the central square, which of course contains two 2S's. 

I Any object having beeu found, its exact position may be 

I registered by removing the slide and placing on the stage the 

I fitidtjT. The numbers seeu iu the field are then marked on the 

I Blide itself, and the same spot can always be found, by looking for 

« numbers ou the finder, moving the stage so that they come 

I in the centre, and then substituting the slide for the finder. The 

Ifinmbers and lines are photographed on the finder which is made 

whj Messrs. Smith and Beck, and coita 7e. &/. A few of the squaree 

Yet a Maltwood's finder are represented iu Plate XVIII, Fig. 63. 

I. On KeaBurtngr the AnKles of Cryatale— Oonlometa™.— 
Itetuuring Ike Angla of Cnjilali. I have already adverted to the 
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principal metbods of measuring objects, Iiut hnve not diMuraed 
the mode of Bsoertainiiig the value of the nngles ol niicrosouptc 
crystals in the niicroioope. The einiplcGt instrument for this 
purpoM is the oae represented in Fig. 68, Plate XX, which la a 
slight modiitciLtion oi Schmiiil'a goniometer. It cunsisls of a cobweb 
stretched across the field at aji eje-piece, and capable of being 
moved b]r an arm which pnBBVs round an accurately graduated 
arc. The cobweb line is placed parallel to one fiioe of the crystal, 
the circle being moved round uutil the bar stauds at zero. The 
latter is then made to rotate until the cobweb ie brought parallel 
with another face. The number of degreei through which the 
bar has passed marks the angle ot the crjstal. It is absolutely 
necessary that in takiug this measurement the crystal should be 
perfectly flat, for otherwise a false angle will be obtiuned. 
Dr. Leesou iias proposed a tieautiful and much more perfect 
arrangement for measuring the angles of small crystals. The 
plan has been improved by Mr. Uighley, who describes, in the 
Fourth volume of the " <^"arlerli/ .fourruU of Miirraia^ixd 
Srieritrr," page 281, a minemlogical microscope, This instrument 
is represented iu Plate XX, Fig, 71, It may thus be briefly 
described with the aid of the flgum : — 

On a central pivpt screwed into a solid circular base rotates a 
plate that carries the body, prism box P, object glass, and fine 
adji^stment A : to the side of the base is fixed a square bar Q, 
that carries the principal Etage with its coarse adjustment, and 
the secoudary stage into which fits the diaphragm polariEer, 
eelenite plates, &c. A tube screws into the top of bar Q, on 
which slides the mirror B. The body sbdea into a socket 
attached to the prism box at the proper angle, m that its axis 
will he perpendicular to the outer face of the prism P. Within 
the draw tube are fittings to receive glass tubes for examining 
with a liceson's goniometer and minute stop, the araoont of 
rotation in liijuids tlint exhibit circular polarization. 

A shorter body for other optical examinations replaces the 
ordinary onu ; this is fitted with a tourmahne T, and a cell for a 
plate of calo spar C, when the instrument is to be used as a 
niudihcatioii of Professor KobcU's stauroscope for determining 
crystal systems ; and two lenses L L with a Jackson's micrometer 
M, when the instrument is required for the determination of the 
optic axis on the principle of Solcil's instrument. 

The priam P is ooatuiued in a solid brass box, on the upper 
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gurfiuse of which are screwed the tubes that carry the object- 
glass, and one side is removeable to allow of the prism being 
readily taken oat and cleaned. 

The fine adjustment consists of a tube screwed into the top of 
prism box at right angles to its surface, over this slides another 
tube on which the object-glasses are screwed. The spindle of 
the ac^uster A rotates in a socket projecting from the prism 
box. 

A semicircular arm works up and down the upright bar G, by 
means of a rack and pinion R, and supports the circular stage S, 
which is kept in a horizontal position by means of the nut N ; 
the nuts N screwing on to the axes of the stage, clamp the stage 
firmly to the arm. The stage has a projecting ring, within which 
a graduated plate rotates when certain examinations have to be 
made : but which is ordinarily fitted with a plain metal plate 
that rises flush with the top of the axes of the stage. In this 
instrument the object has to be placed with the glass cover 
downwards. 
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to whioU a gmtil retort-stand ig fitted, ma; al«o be piirohasi^d u: 
the inatrunient makers. 

70. ViTfl Ketort SbuuU. — Simple irire stands, made liki 
retort- stands, which are fiiod to a heavy leaden foot, will hi 
found exooedinglj useful little instruments to the microBCopiciiJ 
ohserver. The rings can be readily raised or lowered at pleasure 
and are well adapted to support light objects, such as glass slide) 
over a lamp, test-tubes, flasks, and watch-glasses (Plate XXI 
Fig. 72). 

71. TripodB are made of thiclt iron wire, and are usefiU foi 
supporting several pieces of apparatus used in microscopical 
research (Plate XXI, Figs. 75, 77). 

73. Braaa Plate. — The brass plate should be about six incba 
long bv two broad, and about the thickness of thin millboaH 
It should 1» supported uu three legs, of a convenient heigb 
for the spirit, or other lamp to be placed underneath, or tlu 
brass plate may be supported on one of the rings adapted t 
Mr. nighley's lamp. It is used for beating glass slides, in orda 
to fix on the glass cells with the aid of marine glue, for mountin] 
objects iu Canada balsam, and for other purposes, where a unifbiV 
degree of heat is required to tie applied to glass, which ig ver 
liable to crack if exposed suddenly to the naked flame. Theai 
diflerent pieces of apparatus have beeii figured in Plat« XXI 
Fig. 74. 

73. The Water Bath is of great use for drjing objecti 
previous to mounting them iu Canada balsam. The object n 
be placed in a small porcelain basin, or large watch'glass, oi 
may be simply laid upon a flat plate. The basin or plate i« tiua 
placed over the vessel containing water to which heat may fa 
applied (Fig. 76). In order that vessels of different sizes tna; 
be heated upou the bath, it is convenient to have a few pieces C 
thill copper p'ate, with holes of diflferent sizes cut iu then 
adapted for watch-glasses and small vessels {Fig. Tfia). Thi 
advantage of drying by a steam heal consists iu there being t 
danger of destroying the texture of the object by the applioaticH 
of trjo high a temperature. A water-hath may be very readilj 
made by placing two porcelain basins one above the other, w 
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^^Hking poured into the lower one. Thcee may be supported upon 
^^^U tripod or upon one of the rings over the spirit lamp (Fig. 75), 
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74. BottlpelB.— It will lie couvfuient to have three or four 
onJiiuiry dissecting knives or scalpela for general use. One should 
bn strong for the purpose of cutting bard substances. 

Donble-edsed Scalpela — Pur cutting thin sections, a knife 
f the form of a very narrow lancet wilt lie found useful, and 
Where only sections of sniall dimensions are required, this will 
It all tlie purjiosee o( Valentin's knife. In cases, however, 
Jjhere a section is wanted of considerable size, the latter instrli- 
ent mugt he used. The double-edged sciilpet should be very 
tkiii (Plate XXII, Fig. 81). Beautiful scalpels of this form are 
Made by Messrs. Weiss, of the Stmnd. Wheu employed for 
uking a section, after cutting a, clean sur&ce, the point is made 
perforate tbe surface, and carried along at a proper depth, so 
t to cut its way out. I'he width of the section may then be 
bcreaaed b; carrying the kuife from side to side. 

I 76. Seotlon SnU* of a New Form. — A new section knife lias 
1 devised by Deputy Inspector General Lawson, for catting 
y thin sections of soft tissues, The general form of the knife 
represented in Plate XXIII, Figs. 87 and S8. It is fully 
escribed in my " Archiees." Vol. Ill, p. 286. 



77. Double-bladBd or Valentin's Knife.— This i 
t the greatest value in making thin sections of soft tissues, but 
is required to keep it in good order. It is soon made blunt if 
d for cutting Gbrous or cartilagiuous textures. By its nid very 
Mutilul sections of the kidney, liver, and other soft glandular 
B may be obtained with the greatest facility. The blades 
Hitd always he dipped in water or glycerine just before use, for, 
\ wet, the operation of eutting is much facilitated, and the 
3 more easily removed from between the blades. Imme- 
lately after use the blades should lie washed in water, and dried 
a soft cloth, or piece of wash leather. If a drop of water 
Rts into the upper part of tbe kuife where the blades meet, the 
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screw raust be ta)c«n ont, nnd «ai-b Made cleaned separatelj. 
With cftru in cteniiing it. the knife uaj be kept in use u lung 

There are twn Tornis of Valentin's knife ; in one the bludee kre 

sharp on both edftee inJ of a lanoet-ehape, and in the titUer, 

which I much prefer, thej are sharp at the point and widv at the 

I iwe, 8t> that the cutting edge slanla downwa,rds from the paint, 

d ther only cut on one side (Plate XXII. Fig. Hi). The l>«flt 
form of Valentin's knife that I hnve used is that which has 
lately been made by Mr. Matthews (Fig. sa). The blades of this 
knife can be completely separated from each other and e««ly 
oleaned. Miireiiver the distance between the blades is regalMed 
fay n little screw, which is a most convenient arrangeracnt. 
This knife bns been further improved by Mr. Matthews, by the 
addition of two screws so that the perfect paraUelism of the two 
blades Is ensured. 

—A strong knife made like a rator is very Taluoble 
I for making sections of oiauy tissues iFlate XXIII, Fig. S8). 

a are nseful instruments for cutting small thin 
sections of diflei'cnt tissues. The moat convenient form for this 
purpose ia one in which the blades are curved, aa iti Fig. 78, 
Plate XXII. When only very amall portions of a tissue ore 
required for examination, they will ba more readily removed with 
the scissors than with any other instrument. Several pair of 
scissors are required for microscopioal purposes. Besides the 
0rdinat7 form used for dissection, a stuall pair, with curved 
blades, a pair of very delicate scissors, with bluut poiute ( Fig, 79), 
such as are employed for the dissection of insects, will be fbnnd 
of use. Some time since, 1 devised a now form of spring sciisora, 
somewhat resembling the microti^me- These are particularly 
well adapted for dissecting the nervous systems of insects, for 
following out the dciioatc' ramtlicationB of nerves and other 
minute dissections (Plate XXII. Fig. eo). 

BO. Keedlea of various siscs, forui very useful iustruments to 
the microscopical observer. They are eropbyed for making 
minute dissections ; for tearing or unravelling various tisauee, in 
order to display their elementary stnicture, and for separating 
an; minute object from refuse or extraiiL'ous uutttur, previous to 



I beinf mounted. Very thin needles are useful for aeparnting 
under the field of the microscope. Needles which have 
beeu flnttencd at the poiuts, aud Bubaequentlj hardened, tempered, 
and sharpened on the two edges, make capital knives fit very 
delientc wtirk, or the pins uaed by the aiirgeons and termed 
ii'irrlip piiiA may be usi^d with advantage. They may be inserted 
ill a emiJI wood stick (Fig. 64), or held in the handleof a crotchet 
needle, >tr. Matthena has lately made some needles with cuftiug 
edges, which are very n«eful for making minute dissectionB. 

81. Foroepa, — A pair of thiu brass forceps will he found coii- 
Tenient for applying the thiu glass cover after the preparatiuu 
has been placed upon a slide or iu a c«ll- A pair of dissecting 
furecps are also required by the mioroacDpist. One pair should 
be strong with straight timl>8, the other pair should be small, 
'with thin curved bladea, terrainated with slightly rounded points, 
tring very flat, but slightly roughened surfaces, of the pattern 

«sented tn Plate XXIII, Fig. 85. 
r 'Forceps for holding minute objects under the microscope are 

« to Qx upon the stage (Fig. SB). 

I 8S. 'Wooden ForoeiiB made of lioi-wood, with broad «ids, are 
JBTeuieut for holding the glasa slides when hot, for if held with 
|1 metal forceps, the slides often crack. The some object nmy 
rained more simply by fitstening to the limbs of an ordinary 
r of forceps, flat pieces of cerk. 



(fUBATDS Used for Bxaui.iiso Objects in tqb Microscope. 

FIfte aiaas Slides, the edges of which are ground and 

blished, mny be obtained ready for use at six shillings per gross, 

they may t)e easily cut out with the diamond, aud the edges 

n the grinding slab. The slides now in commou use in 

Boountry are three inches in length and one in breadth, and I 

it too strongly recommend the observer to employ slides of 

3 only for mioroBCopical purposes. They should always 

e made of p1ate<glus9, aud pieces as clear as possible should be 



B4. Thin Olasa.— Au object placed for examinntion upon t 
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glass eliJe is always protected with h piece of thin glass before it 
IB placed upon the stage of tbe microscope. Thin glnes now used 
for microscupioal piirpoees is ciiUed cjliuder gla«9, and is manu- 
factured bj Messrs. Chance of Birmiugham. It ma; be obbiined 
of different degrees of thickness. Thlu glass in sheets should be 
kept in fine sawduet, as it is Terf readil; brokeu, in cotiEequence 
of being imperfectly annealed. When out up lu small pieoH, it 
Aonld be kept in a little bux, with a little powdered starch, 
which prtsvents the pieces being broken. For cutting the thin 
glass au mstniment termed a writing diamond is emptoj'ed, and 
this is also used b; some observera for writing the uame of the 
preparation niiou the glass slide. As a general rule, however, I 
think it better to write the oiune of the specimen upon a small 
label which can be gummed to the gloss. 

(fiiut CeUtare described in Cha[iter IV. Thin glass of Tatioui 
degrees of thickncK, and already cut into squares and ctrtsle«, 
maybe obtained of Messrs. Claudct aud Iloughton, High Ilulhom. 
For the very high powers tbe thinnest pieces must be selected 
from a considerable quantity. Messrs. Pvwull and Leuhiud suppi/ 
the thin glass for use with their tweuty-Btth. 

BB. IVatcli Olauea of various AttB should be kept by everf 
observer, as they are convenient for many purposes, Thej OOSt 
about a shilling per dozen, and may be obtained of the watch' 
makers. The lunette glasses are uselul for examining substances 
in fluids with low powers, as in these wc are enabled to obtain a 
considerable extent of fiuid uf nearly unilomi depth. 

The little porcelain moulds in whloh moist colours are kept, and 
the little ciroulau and oval shallow dishes, are moat useful for 
soaking mioroseopicul specimens in Tarioua solutions prior to 
exainiuation or mounting. They may be covered by circular 
pieces of glass, 

S6. Qlaaa Shades. — Every microscopist should be provided 
with from six to twelve small glass shades from two to four or 
five inches in diameter, to protect objects which are being 
mounted from the dust. The cheap slightly green propagating 
glasses, now commonlj sold at all the glass shade shops, 
are most convenient for this purpose. They cost from 2«. to 6*. 
per dozen. These shades are figured iu Plate XXIII, Fig. 93. 
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^f Tlie chief cemetitB employed in microscopicul work, are Gold 
tiat. Sealing^foj; jutrniiA, Solution of thell-lao. Solution of atphalt, 
Jfarine qlu«, Canada balaam, frum, and a French cement composed 
of lime and India-rubber. These cements are used for attaching 

»the glass coll to the glass slide, for fixing the cover upon the 
preparation after it has been properlj placed in the cell, and for 
Other piirpoaea. The liquid cemt'ots should lie kept in very wide- 
mouthed bottles, or in a capped bottle (Plate XXIII, Fig. 91), 

87. QkAA Size is prepared by melting together gum Buimi, 
boiled linseed oil, red lead, litharge, sulphate of zinc, and 
turpentine. Gold size adapted for microscopical purposes may be 
ali:o prepared as follows : — 25 pans of linseed oil are to be boiled 
with one part of red lead, and a third part as much umber, for 
three hours. The clear fluid ia to be poured off and mixed with 
equal parts of white lead and yellow ochre, which have been 
previously well jiounded. This is to be added in small successive 
portions, and well mixed ; the whole is then again to l>e well 
boiled, and the clear fluid poured off for use. In this country it 
may be obtained at any varuifh makers. 

8S. Seallns-woz varnish is ea^j made by dissolving the hest 
sealing WAX of any colour which may be desired, in tolerably 
Strong alcohol. This cement is, however, apt to dry rather 

I brittle, and should not, therefore, be used in cases where it is 

[ of the greatest importance to keep the cell perfectly air-tight. 

I It forms a good varnish for the last coat. Various coloure may 

I be kept according to taste. 

). Solution of Shell'lao is recommended by Mr. Ralphs for 

I filing down the thin glass cover. It is made by dissolving shell- 
I lac in spirits of wine. The shell-lac sliould be broken in siutill 
(pieces, placed in a bottle with the spirit, and frequently shaken, 
antil a thick solution is obtained. It dries rapidly, and, if put 
On in thin layers successively, fcrms a g<)od cement. It is not 
( acted ujMju by weak spirit. 



00. Bell's Cement. — The best cement for specimens i: 
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in glycerine ia sold bj Messrs. Bell, chemists, Oxford- street. 3 
I believe, waa originally suggpstcd by Mr. Tomia, but IdoJj 
kiiuw ila eiact oumpjsiliuti. It iippdars to contain sbell-ko j 



SI. BmnBwicfe Blaok. — Solution of asphnlt in turpentine OOltt- 
mouly ktiowit bj the name of Brunswick blaok, may bo obtained 
at any oil-dhop, and fonns a most useful cement, bolh for nialtiiig 
very tbiu cells, aud also for fixing ou the thiu glaes covers. If & 
little solutiou of India-rubber in mineral uaplitha bu added to it, 
there is no danger of the cement cracking when dry. For this 
liiut I have to thank my friend, Mr. Brooke. 1 have many pre- 
piuaticiits whicli have been cemented nith Brunswick black wluoh 
have been kept for upwards of ten years. It is always doairalile, 
however, to paint uii a. uew layer from time to time, perhaps onco 
in twelve months. 

Common Brunawick black is made by melting uiie pound of 
aaphal turn, aud then adding half a [louiid of Uiiseed oil, and ■ 
quart of oil of turpentine. T)ie beat Brunswick blaok is prepared 
by boiling together a quarter of a pound of foreign adphaltum, 
and four and a quarter ounces of linseed oil, which lias beea 
previously boiled with half an ounce of litharge until quita 
stringy ; the mass is then mixed with half a pint of oil of turpen- 
tine, ur as much as may he required to make it of a proper uou- 
ustencc. It is often unproved by being thickened with Ump 
black. It must be remembered that this cement is soluble in oil 
of turpentine. 

8S. Sarino Oloe. — This substance was, I believe, first used for 
microscopical purposes by Dr. Goadby, of Philadelphia, It is 
prepared by dissolving, separately, equal parts of sheU-Iac abd 
India-rubber, in coal or mineral naphtha, and alterwards mixing 
the solutions thoroughly with the application of heat. It maj 
be rendered thinner by the addition of more naphtlu. Marine 
glue is readily dissolved by naphtha, ether, or solution of potash. 
It is preserved well iu a tin box. I shall describe the manner of 
using marine glue aud the different cements I have alluded to, 
in Chapter IV. 

B3. Cement for attaohioB Ootta Farcha or India-rubber to 
the Olaes Slldwi.— A cement fur attachiug cells of gutla percha 
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l.or India-rubber to the glitsa elide mnj be made as fullows: — 
E According to Uarting, guttu percba is to be cut into very sniuU 
jtieoe* knd stirred, at a gcutlu heat, wiUi fifteen parts of oil of 
tnrpetitiue : the gritty, iujoluble Diatter, wbicb the gutta percha 
kltrayg oontaiiis, is to l>e soparutud by etraining through linen 
eloth, Eud then one piirt uf ahell'Uc is lo be added to the ttolution, 
k^t at a gentle heat, and ocvauoually stirred. The mixture ia 
to be kept hot until a drop, when alkiwed U< (all upon a cool 
BUrfaoe, becomes tolerably hard. Wbeu reiiuired for use, the 
nuTtore is to be heated, and a email quantity placed upon the 
slide upon which the cell is to be fixed ; the slide itaelf is theu to 
be heated. 

94. Canada Balaam is much employed by microscopical ob- 
servers : formerly it was used for cementing cells together, but 
tliis i« now effected more readily by the aid of mariue glue. 

Canada balsam is a thick viscid oleo-resin, which becomes 
softer upon the applicatiou of a gentle beat. If it be exposed to 
too hi^ a temperature, the volatile oil is expelled, and a 
Jutrd brittle resin remains behind. It is chiefly employed 
fbr mounting hard dense textures ; and, in consequence of 
Ha great power of penetrating textures, and its highly -refracting 
proportiex, the structure of many substances, which cannot 
be made out by the ordinary mode of examination, is rendered 
mauifest by this medium. Canada balsam should be preserved 
ill a tin box, care being taken to exclude the dust ; or in 
a U-ttle having a cap to it. The balsaoi should be kept very 
clean, otherwise preparations mounted in it will often be 
spoiled in consequence of the accidental introduction of foreign 
bodies. It has been frequently recommended that the oldest 
■pccimens of balsam should alouc be employed for microsoupioal 
examination. By exposure to the air, the balsam becomes very 
thick, and unfit for use : it may be thinned by the addition of 
turpentine, but this should always be avoided as it renders the 
balsam liable to become streaky some time after the preparatiou 
mted, and bubbles are oFlen found in it. It is, bow- 
r, always belter to use balsam which has been kept in well- 
i vessels (I'late SXIII, Fig. 91) or in a tin pot. 

8S. Of Teasela fOi Keepliw Canada Balaam In. — The tubes, 
a of thick tin-foil, used for artists' colours, with a small cap 
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tliat BorewB on to the top, as bai bwn siiggeBted bj Mr. Suffolk, 
are very convenient receptacles for the preservBtion of Ctuiadu 
balsiuo. As thcj contain uu apace for&ir, the balBam does not 
become hard and unmanageable, as is too often the cane when it 
ia kept in bottles or tin pota. There ia no necessity for nring 
a ghan or luetul rod, as the quantity of balsam required can 
alwayi be forced oat without the slightest dilficul^. Other 
cements and vamiBhos can be kept in them also for any length of 
lime. It is as well, however, to keep them in an upright position, 
to prevent the cement from running into the thread of the screw, 
and so fixing the top too tightly. 

M. Solnttons of OuiBda BBlaam. — Canada balsam is soluble 
in ether, but the best solvent is chloroform. Many very delicate 
structures may be mounted in Canada balsam, by immersing them 
in a chloroform solution. Aa the chloroform evaporatesthe 
beoomes stmnger. 






97. Omn. — Thick gum-water will be found verj useful 
attaching labels to preparations, and also for fixing on t&Q 
cover when preparations are mounted in the dry way. It is 
prepared by placing common gnin-artibic in cold water, and 
keeping the bottle in a warm place until the solution has become 
sufGciently thick. It should always be strained before it is placed 
lu the bottle fur use. 

Oum-water, thickened with powdered starch or whiting, ir 
a very useful cement for fixing the glass cover on preparations 
mounted dry. When dry it forms a hard white coating, The 
addition of a little arsenious acid will prevent the growth of mil- 
dew. Another very convenient solution is made by dissolving 
powdered gum in a weak solution of acetic acid. 

B8. French Cement composed of Lime and India-rubber. — 
The French cement composed of lime and India-rubber is very 
valuable for mounting all large microscopical preparations. The 
principal advantages are, that it never becomes perfectly hard, 
and it therefore permits considerable alteration to take place in 
the fluid contained in the coll without the eDtrance of air, it oUo 
adheres very intimately to glass, even if it be perfectly smooth 
and ungrouud. Suppose a glass cover is to be affixed to a It 
cell coulainiug fluid. A small piece of the ci 
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the Roger and thumb and carefully rolled ronnd until it 
be druim out iuto a thread about the eighth or tenth uf an 
leb in thickness. 1 apply this to the top of the cell, before in- 
lucing auj fluid, sud slightly press it down with the finger 
iviously muistened. It adheres iutimntely. The preservative 
luid with the preparation ue now iutroduoed and the cell tilled 
with fluid which indeed is allowt-d to rise up slightly alnDve ita 
ITklli. The glass uover, rather smaller than tlie external dimtiU' 
of the cell, and slightly roughened at the edges, is to be 
gently breathed upon, and then one edge is applied to the 
lat it may be allowed to fail gradually upon the 
■urfitce of the fluid which is dow secu to wet each part of the 
oover HUUcesBivety, until it completely covers the cell, and a 
oertus quantity of the superfluous fluid is pressed out. By the 
Sid of any pointed instrument a very little cement is removed 
from one part, so that more fluid may escape aa the cover is 
pressed down gently into the cement. The pressure must be re- 
moved very gradually, or air, of course, will enter through the 
hole. A bubble of air entering in this manner may often be 
expelled again by pressure, or it may be driven out by forcing in 
more fluid through a very line syringe at another part of the cell ; 
but it is far better to prevent the entrance of air in the first 
mstauce. The edge of the glass cover being thoroughly embedded 
in the cement, the small hole is to be carefully plugged up by a 
small piece of cement, aud the cell allowed to stand perfectly still 
short time, when it may be very gently wiped with a soft 
loth. The edges of the cement may be snioutlied by the appli- 
itioa of a warm iron wire, and aoy superabundauoe removed 
ith a sharp knife. A little Brunswick blaok or other liquid 
lent may be applied to the edges, for the purpose of giving 
the whole a neater appearance. 

The cement is made as follows : — A certain quantity of Indift- 
rubber scraps is carefully melted over a dear Are in a covered 
pot. The mass must nut be permitted to catoh light. 
1 it is quite fluid, lime, in a perfectly fine powder, having 
slacked by exposure to the air, is to be added by small 
intities at a time, the mixture being well stirred. When 
lerately thick, it is removed from the fire aud well beaten in 
aud moulded in the h.iods until of the consistency of 
It may be coloured by the addition of vermilion or other 
louring matter. I have several preparations which havo been 
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placed in the creosote nud naphtlia solutioo in lu^ cells, w 
they are now perfectly air-tiKht, nlthougli upwards of eereti y 
have ctapeed aiuoe they were tint put up. Tho line and I 
rubber cement angwera well for fixing oti the gliua topa of fa 
prepitration jars, and looks wry ueat ; but, if modomtely • 
spirit bo used, a little air must be permitted to reuuun iiL1[| 



Pbbservatits SoLUTioire. 

98. Spirit and Water — Spirit and wat«r forms a well 1 
and valunble medium fur preserving nnntumical prepKutal 
III diluting spirit, distllkd w^r only should be employed; f 
if oomiuuii water be luixed with epii'lt, a prcolpitatiun of same of 
tho salts dissolved in it not uurrequently takes plaoe, which 
renders the mixture turbid and until fur use. Proof spirit will 
be stroog enough for aU gener^ purposes, except for hardening 
ptirtioiiH of the brain or nervous system, when stronger spirit 
must be used, Two parta of rectified spirit, about sp. gr. ■837, 
niiied with one part of pure water, makes a mixture of sp. gr. 
'yi3-'920, whioh contains about 49 per ccuL of real aloohul, and 
will therefore be abiiut the strength of proof spirit One part of 
ftlcoho], sixty uTer proof, to live parts of water, forms a mixture 
of a sufSeieut strength for the preservation of many BubstaiiCM, 
and many microscopical Bpccimeus maybe preserved iti n solutioa 
more diluted than this. Within the lost few years, the Oovani- 
ment has permitted the use of methylated alcohol for varioos 
purposes in the arts, which pays no duty. This spirit answort 
well fur preserving anatomical preparations, and is a great boon 
to all engaged in putting up large anatomical specimens. It may 
be obtained at the price of 6i. lid. a gultou, sixty degrees over 
proof, of Messrs. Lightly and Simon, and of other dislJUers, in 
quantities of not less than ten gallons at a time. 

In the first instance, application must be made to the Board of 
Inland Revenue, Somerset House, for permission to use the spirit, 
by letter, accompanied viith the names of two reapcctahte house- 
holders, who arc willing to act as bond that the applicant only 
nsea it for the purposes stated in his application. The probable 
quitutity required annually must also be stated, 

100. Olycerlna.— This Is one of the most valuable fluids ever 
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Bmplojed (br micrtwoopicul jiiir]>n9ea. I believe Mr. WaringUm, 
Ot Apothecariea' Uall, was thi: first olistrver wbo oatKl this 
awdium as & preservative Hiiid. 

A solution of glycerine ailapted for preserving many structures 
Ib prepared bj mixing equal [«rta of glycerine with campbor 
WU«r. The latter proveat8 the toiidency to mildew, or it may be 
oJxed with naphtha and water, or with the creosote solutjon to 
be doBoribed presently. Tlie degree of dilution will depend 
upon the uature of epccimen. If the substance be at all opaque 
it will be necessary to employ strong glycerine. I have many 
preparations which have l>cen preserved in glyceriue for nearly 
tweuly years. Of the importance of glycerine, as a preservative 
fluid, I shall have to speak in Chapter VI. 

For preserving raedusie and delicate marine animals Dr. Car- 
penter recommends a solution composed uf tea wattr with une- 
tenth olaleohol and the same quantity of glycerine. 

Glycerine is obtained by boiling oil with litharge. The oleate 
of lead remains as an insoluble plaster, while the glycerine isdia- 
tolved. It may Le rendered free from lead by paaaiug a current of 
sulphuretted hydrogen through it ; and the clear solution, after 
filtratiou, may then be evaporated to the cousiatenoe of a 

■JTUp. 

The glycerine which is now distilled liy a patent process, and 
Known as Price's glycerine, is much superior to the ordinary 
glycerine. It is perfectly oolourlees, free from all impurities, and 
ot much greater density, The speoilic gravity of Price's patent 
glycerine is 1240, while the common is only 1196'6. The former 
costs nlxiut 6#. and the latter Ss. Gd. a pound. 

For twelve years I have used glycerine for preserving almost 
every structure. In Chapter X will be found the results of my 
rt recent experience of this substance, from the use of which 
i have learnt more than from any other preservative medium. 

lOL Thwaitea' Fluid- — This fluid has been much employed 
|l)y Mr. Thwaitt'S for preaorviiig recent speoimeus of deimidi« ; 
it iit is also applicable to the preservation of a vast number 
\9l animal substances. 

a made as follows ;— 

Water .... 16 ounces. 
Spirits of wine ... 1 ounce. 
Creosote, suffioient to saturate the spirit. 
Chalk, as much as may be oecessar;, 
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Mix the creosote and spirit, stir in the chalk with the &id of a 
pestle and mr>rtar, and let tho water be added groduaily. Next 
ftdd Bii equal quautitf of water saturated with camphor. Allow 
the mixture to stand for a few days and filter. In attempting 
to preserve large preparations in this Quid, I found that it 
always hecame turbid, and therefore was led to try sevend 
modifications of it. The eoluUon next to be described was fouud 
to answer very satisfactorily. 

Waier may also be impregnated with creosote by distilUiJon. 
It should be remarked that M. Strausdurkheim has succeeded in 
presen-iug animal preparatione iu camphor water ouiy, 

lOa, aolntlon of Napbtha and Oreoaote' 

Cr«osote . , , . 3 draohms. 
Wood naphtha ... 6 ouuccb. 
Bistilled water . . . &4 ounces. 

Chalk, as much as may be Decessary. 

Mix first the naphtha and creosote, then add as much prepared 
chalk as may be sufficieut to form a smooth thick paste ; after- 
wards add, very gradually, a nnali quantity of the water, which 
must be well mixed with the other ingredients in a mortar. 
Add two or three small lumps of camphor, and allow the mixture 
to stand iu a lightly-covered vessel for a fortnight or three 
weeks, with oecaaional stirriug. The almost-clear supernatant 
fluid may then be jiuured off and filtered if iiecessary. It should 
be kept in well corked or stoppered bottles. 

I have some large preparations which have been preserved in 
upwards of a pint of this fluid, for more than twelve years, and 
the fluid is now perfectly clear and colourless. Some dissections 
of the nervous systems of insects have kept excellently ; the 
nerves retain their wliite appearance, and have not became at all 
brittle. Two or three morbid specimens are also Iu an excellent 
state uf preservation, the colour being to a great extent pre- 
served, and the soft character of the texture remaining. I have 
one preparation mounted iu a large gutta percha cell, containing 
nearly a gallon of this fluid. 

A solution of wood naphtha or pyrogcetio spirit, in water, has 
been recommended by Professor Qiiekett, aud forms an excellent 
preservative solution, in the proportion of one part of the naphtha 
to tea of water. The solution is often a little eloudy, but may be 
made quite clear by Sltnition after the mixture has been allowed 
to stand still for some days. 
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One great advantage of these aqueous prescrvatire solutione is 
that the natural appearance of the structure ia very slightlj 
altered. The gi>lution, however, after a time, renders mau; of 
the mi)re delicate atructures more or less grauular. 

108. Carbolic Aold. — A solution of carbolic aeid in distilled 
water also preserves njany animal aud vegetable preparalioiK 
exocedinglj well. The water will only take up a very small 
qimiitity, hut the preservative properties of the weakest solution 
are very great. 

104. Solution of Chromic Acid. — A Solution of chromic acid 
ia well adapted for preserving many microscopical specimens. 
It ii particularly useful for hardening portions of the nervous 
i^yst«in previous Ui cutting thin sections. The solution is pre- 
pared hy dissolving sufficient of the cryttallizcd noid in distilled 
water to render the liquid of a pale straw colour. 

The crystallized acid may be prepared by decomposing 100 
measures of a saturated solutioD of bichromate of potassa, by the 
addition of 120 to ISO measures of pure concentrated sulphuric 
acid. As the mixture becomes cool, crystals of chromic acid are 
deposited, which should be dried aud well pressed on a porous 
tile, by which means the greater part of the sulphuric acid is 
removed, aud the crystals obtained nearly pure. 

100. Pre«arvatiTo Oelatino.— This suhstanoe was first em- 
ployed for preserving microscopical textures by Mr. H. Deaue, 
who pves the following directions for its preparation : — 

Gelatine .... 1 ounce. 

Honey 4 ounces. 

Spirits of wine ... J ounce. 

Creosote .... 6 drops. 

Soak the gelatine in water until soft, and to it add the honey 
whieh has been previously raised to the boiling-point ia another 
Teasel. Next, let the mixture be boiled, and after it has cooled 
somewhat, the creosote dissolved in the spirits of wine is to be 
added. Lastly, filter through thick llaouel to clarify it. 

When required for use, the bottle containing the mixture 
must he slightly warmed, and a drop placed on the preparation 
L spon the glass slide, which should abo be warmed a little. 
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Next, the fclass coTer, after having been breathed upon, ia to be 
laid (ID with tlie ueiiskl precnutinns, and the e^gi-n covered with a 
oo&tlng ot the Brunswick black ranjish. Care must be tahen 
that the Burface of the drop does nut become drj befi^re the 
application of the gltae cover ; and the inclusiou of air-bubblea 
must be carefully avuided. 

loe. Gelatine and Qlyoerine. — A mixture of gelatine and 
glycerine makes a very valuable medium for preserving diffeieat 
animal and vegetable Btructures. 

The mixture may be made as follows :— A certain quantity of 
gelatine or isinglass is allowed to soak for some time in cold 
water, until it swells up and becomes soft It is then placed in 
a glass vessel and melted by the heat of warm water. It may be 
dariHed if necessary by first adding to the cool gelatine a little 
white of egg, then boiling the mixture, and hlteiing through fine 
flannel. To tliis fluid, an equal quantity of strong glycerine ia 
added and well mixed with it. This mixture may he kept for 
any length of time, and a very alight heat is sufficient to render 
it perfectly fluid. 

107. Oum and OlToetine. — Mr. Farrauts has suggested the 
fotloning preservative medium which will be found most u 
for IDOunting very many ohjects : — 

Picked gum Arabic . , 4 ounces by iveight 
Distilled water . . . 4 „ „ 

Glycerine . . . . 2 „ 
It is to be kept in a stoppered bottle and a piece of d 
added to the solution. 

loa. Ooadby'a Solution.— Thia is made of several ( 
strengths. That most generally useful is the following :- 

Bay salt .... 4 ounces. 

Atum 2 ounces, 

Currosive sublimate . . 4 grains. 

Boiling water ... 4 pints. 

Wtx and filter. This solution for most purposes may be 

diluted with an equal bulk of water. For preserving delicate 

preparatious it should be eveu still more dilute. Qoadby's 

solution is very valuable for preserving many anutomical 
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I •pecimens, but as it tenda to render tissues bard uid opaque, 
it is not adapted for the prQ5ervatii>ii uf manj Btrudturee which 
are to l>e examioed in the miuroscope. 

109. Bnmett'fl Solution, eonsiatiiig; of chloride of zinc, is a 
powerful antiseptic, but not adapted for the preservaliou of 
tnioroBcopical Bpecimens. 

110. Chloride of Oalotum. — A witurated nquenua solution of 
chloride of caloium, free from iron, has been muoh recommended 

I lot preserriDg specimens of bone, hair, teeth, and other hard 
■truztureB, as well as many vegetable tissues. A soiutinn of 
dioride of caioium has been used by the late Professor Bohrtider 
I Tan der Kolk, of Utrecht, for beeping sections of the spinut cord 
^ Knd preparations of nerres. Many of these, through tlic kind- 
ness of my friend, I had an opportunity of seeing and can testify 
to their eicellenoe. 

lU, Alum. — A solution of alum in the proportion of one part 
of alura to sixteen of water has been found to auswor pretty weU 
for some substances. Qannal's sulution, which consists of one 
part (if aatate of alumina dissolved in ten parts of water ; 
solutions aieommun ialt (one part to five of water, with a little 
camphorl.'comwii'e tiMimate, perfuljihrite ef iron, nwiphate of cine, 
Btid solutions of several other salts, have been recommended as 
preiecvative solutions, hut although adapted for the preservation 
of animal substances, they cannot be employed for microscopical 
speciincns, in consequence of their tendency to render the 
textures very opaque and granular. 

112. AneniouB Aoid has been much recommended, and my 
friend Dr. Andrew Clarke has preserved many beautiful specimens 
of lung tissue and other structures in an aqueous solution of this 
Buhatauce. 

113. Araenioretted tcritastat gas has also been recommended 

for the preservation of animal substances, hut it is not adapted 

oscopical preparations. Dr. Richardson has lately kept 

kl substauces from decomposition by immersing them iu nil 

oephere of nitrogen, which is prepared by placing a piece of 

""phosphorous in u stone jar eontainiug ouiumon air, aud provided 
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with an air-tight ooTer. The oxygen is soon exhausted, and no 
decomposition can take place. 

Most of the preserratiye solutions which I haye described may 
be obtained of Mr. Highlej, Green Street, Leicester Square. The 
mode of using these will be described in Chapter VI. Every 
microsoopist engaged in any special inquiry will of course alter 
the composition of these solutions in any way experience may 
show him to be advisable. Great improvements doubtless may 
yet be made in many preservative solutions. A series of 
exact experiments of the cdBTects of the different fluids upon the 
same textures is much to be desired, and this is <me <^ the 
questions upon which amateurs might contribute most valuable 
information. 
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PSTSS Metqods of ISIa^ktko Cells Fon Micitoacoptcix 
Pkbpabatiuns. — Cellt for ^reaervinij Mieroiomiioal 
8peeimen»—CelU for Dry ObfecU—Faper 04/— Bolder 
for Preitinj ObjecU. ^e.—Brummek Jilaek CrU—C^lU 
made of Tinfoil and Marine Glue — Of Cutting imd 
Orinding Olatt—Of Cutting the Thin OIom — A'itoNC or 
Pfwter Slab for Grinding QIatit — Cemmting Qlatt 
ioarther icith Marina Olue ■— CIcanim of Suptrfluoui 
Glve—Cplh made of Thin Glaus— Simple Methoia of 
Ferforaling the Thin Glasa— Deeper Glaus Oelh— Smalt 



deep aiau Cellt for Injectiona — Brnlt Ohtts Cells — JDcM) 
QloM CvlU made b^ Bending a Strip of Gloat in U« 
Blowpipe Flame— Moulded Oh»s CfiU—Gutta Percha 



— Troughs fhr Examining Zoopkgtet — Animalcule Cage* 
—Bound Cells Proposed og Dr. Gug. 
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Ail objects intended for microscopical observntion sboiild be 

{woteoted with a cover of thin glass. This cover prevents the 

eutrauoe of dust, and protects the object from exposure to tbe 

. ktnioBphere. Tbe fluid iu which mauy objects are placed fur 

' •xaminatioD wuuld riaa in vapour which would coudense upon 

[' the object-glass, and give rise to great inconvenieuce were it not 

evented from evaporating by a thin glass cover. If the thin 

, however, should press upou the object placed upon tbe 

IS slide, its diatiuctneEa will be impaired, or the structiiro may 

entirely destroyed — an inconvenience which is prevented by 

ocing some substance slightly thicker than the object with it 

1 tbe glasses. If this entirely surround the object, a 

3 cavity is made ia which a specimen may be placed, and 

'wards covered with thin glass without risk of injury irom 

This is termed a cell. 



Oelli m&; be composed of tbHous tnateriala according to the 
thickness whioh may be neoeBSary, or according to the n&turo of 
the Bubstanoc to be pUoed nithia them. 

114. Paper CeUa — For dry ol/jecti sn efficient cell U readily 
made with a ring of paper or cardboard fixed with gum to the 
glass slide ; or a hole may be punched out uf a piece of cardboard, 
t wood, millboard, or gutta peruba, or a Tulcauiied India-rubber 
' ring may be cemented to a slip of gtass. Many other devices will 
OOoar to the mind of any one who wishes to make neat oells of 
this kind. If, however, the cell U intended to contain fluid, it 
muBt he made of some subetancc impervious to n: 



lis. Holder tor FreaaliiB Objeota between OlasBes, fto. 
mounting ohjecte, it is often requiBite to subject them to firm 
preasare between two of the glass elides. The pressure may be 
obtained by the aid of weights or screws, or by the very 
and efficient arrangement devised by Mr. Qorham. (Ste 
XXIV, Fig. 97.) 
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lie. BroBflwIck Blutk Cell. — A Teiy thin cell may be 
by painting a ring of Bruoawick block or gold size upou the 
slide, and then allowing It to dry. 

The best form of Brunswick black celt is the circular on^ 
which is so easily made by the aid of Mr. Shadbolt's escetlent 
apparatus (Plate XXIV, Fig. 93). The slide is placed on the 
little brass wheel which is made to revolve, while a brushful of 
Branswiok blaok is held at the proper distance from the centre, 
aooording to tlie diameter of the oell reiiuired. If a thick layer 
is desired the slide may be warmed, when the layers of Brunswick 
blaok applied dry very qiiickly, 

117. Marino Olna Cella may he made according to the same 
plan. In order to make such a cell, a glass slide is wartjied upua 
the brass plate (§ 72), and when hot enough a small piece is 
allowed to melt upon the slide, and moved round and rouud in 
the position iu which the wall uf the cell is to be. WhoQ the 
glue has been allowed tu cool, any superfluity may be 
from the slide with a sharp ktiifo. 



118. OellB made of TiafoU. — A piece of tinfoil may be 
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B to form a tlightlj thicker ccU, and nmy be fixed upon the 
slide with mariue glue, as in Pig. 96, Plate XXIV. 



118. Cnttlng and Orindlng Olau.— tn the mtttnifacture of 
cells preaently to be described, gl.tsa is required ti> be cut with a 
diamond aud groimd perfectly smooth at the edge^ ModenLtely 
thick glass ia out with the ordinary glazier's diamond (Plate 
XXIV, Fig. 98), but when we require to out pUte glass, a larger 
diamond than that in ordinary uae is necessary. 

ISO. Outtlntr Thin OlaM.— The lAin glatt ia cut with the 
writiug diamond (Pbtc XXIV. Fig, 99), which makes a scratch 
laffidcntly deep to permit of the glua being broken off very 
■moothlj. 

The cinUi of thin glass may be out by carrying the diamond 
round openings which hare been turned in pieces of brass. Of these 
many different sizes may be made so that circular pieces of thin 
glass of any required diameter, may be easily obtained (.Fig. 94), 

lai. stone tor Orindlng.— Glass can be .^rounif upon a perfectly 

Jlat »iont with emery powder or fine sand and a little water, or, 

- instead of the stone, a flat plau composed of pewter may be used, 

KB was recommended by Dr. Goadby. The emery after a time 

is embedded in the pewter, and thus a very efficient surface 

for grinding is obtained. 

The pewter plate may be cast in the form of a flat circnlar disk, 
which can be placed upon a pivot and made to revolve rapidly in 
a boriaiutal direction by meaus of a multiplying winch con- 

Ineoted with it — an arrangement which is desirable when it is 
Important to save labour as much as possible. 
BUI 
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ISS. Cementinp Olaaa together with Horine Olue. — The 

P BurfacB of glass to which a cement is to be applied should olviBys 
roughened by grinding, as the cement adheres much more 
\ intimately to a rough surface than to the polished glass. 

QloM is cemented together with marine glue, and in making 
' brge built glass cells, the edges are united by meaus of the same 
I mbstance, which can now be readily obtained. Formerly gold 
i, Canada balsam, and other cements were employed, but these 
L are all inferior to maiine glue. 

The manner of applying the marine glue to the glass has been 
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already alluded to. The gUas inust always be wormed apon a 
flat brasB or iron pUte, bo ttiat the heat tnaj lie applied gradnnllj 
and equollj. U must uot be touched irith cold fiagera. but must 
be held with wooden forceps, or with ordinary forceps, the 
estremitiea of whiah have beeu protected with pieces of cork, tn 
the maimer described ia i 82. 

When the pieces of gloss <if which the cell is to he compoeed 
tie warm enough, a. little glue cut into snuall pieces ie allowed to 
melt in the poeitioii in which the glo^ is to be fixed. Wbra it 
u multed, the glass is appli<>d and pressed down upon a 
board, 80 aa to squeeze out as much uariue glue as possible. 
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IflS. OleanljiK oS Snperfliioas Qlne. — While the slide 
warm, much of the glue may be scraped off with an old knife and 
small chisel (Plate XXIV, Fig. 94*), after which a little ioIkHoh 
of potash {the liquor polaane of the shops) will soften the 
remunder. It mny then he very readily removed with the aid of 
Boap and water and a noil brush. Or the whole cell may be 
soaked in equal parts of liquor potosstc und water, — but we 
must bear in mind that if the cell be soaked for tuo long a time 
iu strong solution of potash, there is danger of the glue between 
the glass beiug softened. The potash must always be enrefhllj 
washed away, to prevent the chance of tbe glue being softened 
after tbe cell ia complete. 

194. Oella made of Thin Qlau. — The neatest and most perfect 
ikalloie cdl is formed by making a hole of the required size in a 
piece of thin glass. This used to be effected as follows : — Many 
pieces of thin glass were glued together with marine glue, and 
when cold a hole was drilled through them all. Lastly they 
were separated &um each other by heat, and cleaned with potash 
in the usual manner. 

136. Simple Uethoda of FerforattoK the Thtn Olaas. — Thin 
glass ceils may, however, be readily made by every microBcopist 
for himself, according to either of the following plans : — My 
firieud. Dr. Frere, takes o small piece of thin glass, and with tbe 
writing diamond scratches a line corresponding to the piece ol 
glass be wishes to remove, next a bradawl or other sharp 
Instrument is placed in the centre of the space, tbe glass being 
kid upon a perfectly flat surface, such as thick plate gloss. 
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A sharp tap upon the bradawl with a light hammer causes it to 
perforate the glass, but the oracka made in it do not extend 
hejond the line marked with the diamond. The fragments of 
glass are tlien carefullj removed piecemeal with a pur of fine 
forceps, and the cell is complete. In manj cases, however, the 
cracks do pass beyond the lino, and thus the chance of removing 
the frt^roents from the centre is much diminiahed. 

The method which I have been in the hahit of emplojing for 
some years is this : I cement a square or circle of thin glass with 
marine glue to one of the circular or quadrangular rings of glass 
used for tnaktiig deep glass cells, and alluded to in g 127 : the 
hole in tlie centre being the exact size of that required to be 
made in the thin glass (Plate XXV, Fig. 101). When the marine 
glue b cold, a file is forced through the centre of the thin glnas. 
The cracks thus produced do not run across thut part of the 
glass cemented by the marine glue. The edges may then be 
filed square, and the thin glass only requires to l>e warmed in 
order to remove it from the cell. It may now be fixed upon the 
elide at once, or cleaned with potash and kept with others until 
required to be made into a cell. 

In order to perforate the thin glass in making thin glass cdlfl, 
Mr, Brooke takes two firm brass rings, ground perfectly flat, tho 
diameter of one being a trifle less than that of the other. The 
piece of thb glass to he perforated is firmly pressed between 
then, and the writing diamond carried round so as to scrateh 
each surfaoe. The circular piece is then removed by a slight 
tap upon the surface on which the smallest circle has been 
BCratcbed. 

ise. Deeper CHaa* Oella. — Supposiiig a cell a little deeper 
than any of the above is wanted we may proceed in a diflerent 
manner (Plate XXV, Fig. 105) :— a piece of plate glass of the 
proper thickness is to he cut with the diamond to correapond 
with the outside of the celt, nest, from each side of this piece of 
glass, a strip of the required width is to be removed, and from 
its ends, correspondbg strips are to be cut off. The central 
portion is taken away, and the strips thus cut out are inverted 
upon the slide upon which they are to be fixed with marine glue, 
care being taken to mark them in the first instance, so that they 
may correspond properly with each other. The marine glue is 
■Uowed to run well into all the corners. In this way a capital cell 
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is ver; easily and qniclclj made. Cells of vuioui sixea and d 
can be nuiaufactured upon this principle. The surface o 
glass rim should be ground upon the stoue, aud the superflno 

glue removed in the ordiDary mtuiiier. 

157. BmaU Qeep Oells toi Injeotionn. — Bj drilling a holi 
a piece of plale glass, bj cutting off aectious of Tarions tbiclcneM 
from thiak glass tubing, or from thick square g\aM bottles, or 
from vaasels moulded for the purpose. — eicelleut cells of various 
dimensions, and admirably adapted for mounting injections and 
other purposes, are made ; but when the preparation is of 
ooDsiderable thiclcnesa, deeper cells than any of those to nhieh I 
Have alluded will be required. These may be made in glass, 
gutta percha, aud some other substances. A round or oval cotir 
cavitj/ may be ground upon the surface of a piece of very thick 
plate glass. (Plate XXVI, Fig. \m.) Different forms of 
deep glass cells are represented in Plate XXV, Pigs. IW, 101, 1' 
104, Moderately deep glass cells may be made also by grini 
holes of the sixe required through thick plate glaes. (Fig. II 

158. Built OlasB OelU are those which are constructed by 
joiniug together, at the edges and euds, separate pieces of glacs 
with marine glue or some other cement. The simplest form of 
built glass cell lias beea already described. 

Good ceils may be made from thick plate glass, the edges of 
which have been ground perfeotly flat before they were united 
with the mariue glue. Dr. Goadby used to make many of thesa 
cells, which can be formed upon this principle of ^-ery large 
dimensions. They may be obtained of Mr. Dennis, of St. John's 
Street Boad, who has succeeded iu making cells in this manner 
large enough to bold several quarts of Uuid. Many cells of this 
description may he seen in the Hunterian Museum of the Royal 
CoUi^ of Surgeons. They may be constructed as follows :— A strip 
of plate glass is cut off, of the proper height for the sides of the cell. 
From this, two pieces are to be cut off the desired length of the 
rides, and two pieces for the ends. The flat surfaces of tiiese are 
to be cemented with marine glue, and all the edges ground 
perfectly flat together. (Plate XSVI, Fig. 108.) The euds are 
also to be very carefully ground square. They are then to be 
■eparated by heat and connected together at the corners in the 
proper position. (rUte XXV, Fig. 102.) When the four sides 
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have been tbua joined together, one aiirface is to be cuefiUlj 
groimd flat, and then cemeuted to the plate glaw bottom. The 
other aide, on which the cover is to be placed, maj be Eround flat 
afterwards. lu order to increase the strength of these cells and 
to diminish the chaoce of leakage, it is well to cement small 
pieces of glass in the comers, and narrow stripes outside, where 
the sides are uttaobed to the glass skh. (Plate XXVI, Fig. Ili7.) 
These cells, of course, take some time to make, but thef are 
esceedingi; neat, and have but one aerious drawback — a slight 
liability t<) leak, which is hardly to be wondered at when the 
number of the joiuiugs is token into consideration. 

1S9. Deep OiKn Cells made b^ ImiuUiib a atrip of Qlaaa in 
the blow-pipe ftame,— For aome years post I have been in the 
habit of bending a long strip of gloss in the blow-pipe ll.ime, and 
«eroentiug the extreinitiea together iu a ainiilar manner when- 
a cell of about half an inuh in depth is wanted. The 
inary pbte glaas is very liable to crack aa it Ijecomes cool, but 
HjUiUed fiim gtau be employed the operation is simple enough. 
This glass, as weU as the deep glaas cells above referred to, may 
be obtained at Messrs. Powell'a glasa-worka, Whitefriars. This 
cell has the diaadvautage of not lieing perfectly clear. If flint 
glass could be flatted, ground, and polished like plate, it would 
be of much value to thuae who mount large objeats iu deep glaaa 
cells. (Plate SSVl, Fig. 110.) 

ISO. Uoulded Qlaaa Oella.— Of late yeara moulded glass cella 
liave been much employed for anatomical preparations, and the 
absence of joints renders them preferable to built glaas cells. 
Large moulded cells are now made in Germany, the sides of 
which have been ground and polished, and thus a preparation 
can be seen within, almost as clearly as if the tides were com- 
poBod of plate glass. These cella can be obtained fur a much 
lower price than tho built cells, and are, of course, not so liable 
to leak. They may be purchased at the glass-works, Wliite- 

. Outta PeTchB may be moulded in a wooden case, and 
a excellent cells where transparent sides are not required. 
Kliave several preparaCiona whieh have lieen preserved for muny 
k large ceils of this deacription. Qutta percha is most 
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useful for joining glos^ tubes to flat cells as maj be required 
forming cells for speciiil purposua, (Plate XSTI, Fig. 106.) 

138. Trons'lis for Examliilns ZaophrteB — These are deep b 
very uftiTOw glass cells, the tvro eurfaces consisting of verj th 
glass, BO that the higher powers maj be brought sufflcieutlj cl< 
to the objects. The opening b above, so that the cell iri 
living nuimiLls within may be pkced upon the stitge of tl 
mioroBoope, when the instrument is inclined, without any flu 
escaping. It is convenient to have a glass pattition in tlis 
troughs, by means of which objects njay be placed in diSiere 
parts of the cell, A coBveiiiuut size is three inches long, 
inch and a half deep, and s, quarter of au inch in width. 

138. AnimalculB Cage. — Another very convenient form of 
is the ono called animalcule cage, (i'te Plate XXXV, Fig. IS 
Plate XL, Fig. 32). By neons of its sliding Dover a. stratum 
fluid of any rt-quired thickuess can be obtained, and im 
living aniinalB can be conveniently Bxed in positions suitable fi 
observnttun. For the examination of deposits in fluids thia fon 
of celt is also very convenient. 

134. Bound OellB. — My friend and colleague Dr. Guy hi 
lately proposed a form of cell which puaaeases many advautag 
over those in common use. 1'heae are circular, and may be 
of boue, metal, gutta percha, or gkss, of v»rious depths, and t 
suit transparent and opaque objects. Several forms have bee 
made. They are all of the same external diameter, and are 
to fit iuto a nm of equal size in a flat plate of wood, or i 
which can bo placed in the field of the microscope. A 
cabinet will cuntoin ma:iy more preparations mounted in th 
manner than on the ordinary s!ips of glass. Dr. Guy. hi 
aume circular labels printed for these cells upon which the 
of the preparations may be written, and as these are of differei 
colours the voriouB microscopic objects cau be readily claadfledi 
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Off BiAMiuTNO Objects tit the Miohoscope. — Ibr 
Stffinnert only — fioio to Examine an Object in the JiG- 
ertueope. Genebal Conbidekatiohh npos tmk Sthuo- 
TUBK OF TisBHKa. — Megk or Mugcular I^ggue — On 
Demonstrafing the Anatomical Peculiarities of Titmiea — 
The Anatomy of Ort/ant more eatilg Demonttratcd in tha 
Lower Animals than in man and the Higher Animalt'— 
Of the Time after Death when Titmet xhoald he Examined 
— Ciliarif Motion. Of Pbbpabisg TisaUES for Mi- 
OBOBcopiCAL Examination. — Of making Minute Z)w*«s 
tion»—Dit»eeting under the Surface of Eluid — Loaded 
Corka — Tablets upon which Direction* mag he pinned out 
— Of obtaining Thin Seetions of Diferemt Tcxturea for 
Mieroteopical Examination — Drying the Tittue bejore 
Cutting the Section — Hardening the Turnue — Horn — Hair 
— Making Thin Section* of Hone — Teeth — Seetions of 
Wood — (tf Dissecting Tissaei under the Microtoope icith 
the Aid of the Compressorium~The Cell or Anirnaleule 
Cage. Of the Impohtancb of Eiamikiso Ohjel-tb 
IN Vabiotis Wats. — Appearance of the tame Object in 
AiK, Water, and Canada Balsau, bg Tbanbmitted 
LioHT, and under the tti^uettoe of KcFLECTED Lioht and 
Polarized Light. 

185. For Beffiimera only. How to Bzainliie an Objaot In tha 
moroacope. — Any one nho purchases a microscope probably 
enileavuurB to look at some object thru'igh it a» soon as it comes 
home, and of those who make such an attempt many Ml com- 
pletely. bccnuBe they are not acquainted with tbe priiicipleB 
enunciated in this and the preceding chapters. The oliscrver 
should go through tbe tables at the end of the volume ; but if too 
impatient and eager for action, be may proceed to work at once 
as foilowa : — 



H impatient e 

^b as follows :- 
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1. Place tho microscope iu the poaition represented in Fig. 4T, 
Plate XT, the eye-piece and the low object glasB (tlie inch) being 
adapted to tbe microgcope. 

2. Take n dry bread crntnb, about the sixe of a Btnall pin'a 
head, place it on a ghsa slide, and the slide upon the stage of the 
microscope. 

3. Place an ordinary wajt candle, or French, or other lamp in 
saoh a position that the upper surface of the crumb of bread may 
be lighted up, or use the bull's-eye oondenaer, so that a strong 
light is condensed upon the object, as iu Fig. 47. 

4. Screw down the body of tho microscope until the object 
comes into focus and is seen distiuotly. 

The crumb of bread is esaiuiued as an opa/pie object Ay rtJUOtd 
ligl'l, and pcouliarities of its surface are aloue made out, 

5. Alter the position of the light, if necessary, and so arrange 
the mirror that the light may be reflected from it, and caused to 
pass through the object (transmitted light), Fig. 4S, Plate XV. 
Prevent the light from illuminating the surfaoe as before. The 
object seems Tery dark and little definite is discovered. 

6. Break the crumb up into several smaller pieces. This may 
be easily ejected with the aid of a penkuife. Most of them 
appear as angular particles. They seem dark because they are 
loo thiok for the light to pass through them, but here and there 
one appears more or less transparent. 

7. One of the transparent pieces being in the field, remove the 
inch power aud screw on the quarter oC an inch object-glass, and 
examine the crumb. SlUl the appearance is not very defiuite 
or satisfactory, and little iuformntiou is gained with regard to the 
structure of the crumb or of the nature of its component 
particles. 

6. Next screw up the body of the miarosoupe, and remove the 
slide from the stage. Carry a drop of water on the tip of one 
linger, and so cause the minute orumbi of bread to be wetted 
without their position being much altered, and carefully apply 
one of the pieces of thiu covering glass (§ 84), alter breathing 
upon the surface which is to come into contact with the fluid. 
The thin glass may be held in forceps or between the finger aud 
thumb, and allowed to fail upon the wet crumbs very gradually 
by using a needle or a kuife, as represented in Plate XXXVII, 
Fig. 174. Eeiucve the superfluous moisture by the aid of the 
handkerchief, or with a piece of blotting paper, so that no water 
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^^H win drop from the slide when it is placed upon the incliDed st&ge 

^^" of the microscope. 

' ' 9. When the crumbs have aoaltcd for a few seconds, kitb the 

thin glusB two or three smart tape bo as to onuh them a little and 

make them Bpread out. 

10. Bring the object as near the centre of the field as possible, 
and Bcrew down the bod; of tim instrument until the object comes 
into foeii^ Many new facts are now learned for the hrst time. 

a. A Dumber of small, oval, circular, angular and perfectly 
ttansparcut particles are seen for the first time. 

b. The dart indefinite appearance before observed is no longer 

e. £ach transparent particle has a sharp and dark outline. 
Some are cracked, others exhibit irregularities of Burfaoe, while 
in some an indication of coucentric Uiiee may be obeerrcd. These 

P bodies are starch granules or corpuscles of various sizes, modified 
by the heat of the oven. They appear clear and transparent uow 
they are esamined in leater, instead of black a:id opaque as when 
they were examined before in air, because the refractive power of 
t}ie water approaches more closely to that of the starch granule 
thau the air. (&< Plate SXXI, § 155.) 

d. Probably some blaok spherical bodies or very wide and dark 
circular rings will be observed here and there. These are air 
bubbles. (PUteXXSVI,Fig. 161.) 

11. Examine the thinnest possible shaving of deal wood or of a 

»oedaj pencil, and of mahogany or oak, a fragment of blotting paper, 
k piece of cotton and linen scraped as fine as possible, a small 
jnnch of flour, ordinary starch, common pepper, cayenne pepper, 
powdered mustard, iu the same way as the bread crumbs, taking 
care to allow them to soak in the drop of water for an hour or 
more, so that they may be perfectly netted. 

12. Subject pieces of moist tea leaves, very thiu sections of 
potato and the peel of the potato, the skin or interior of an orange, 
lemon or other fruit, a piece of rhubarb, cabbage, or other 
-vegetable, taking care that in all coses the pieces art tviali tmragh. 
They con easily be subdivided by a sharp penknife. 

I strongly recommend the begiuner to ei amine various 

specimens of jam and preserved fruits. As these vegetable 

tissues have long soaked in evrup, thej have become exceedingly 

^^_ tmnsparent, and admirably fitted for microscopical demenstra- 

^^H tion. The spiral vessels, woody and cellular tissues can be 
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obtained without any trouble, and the minute etraetare a 
different vegetable tissues can be most clearlj deitionBtrat«<l. 

The thinnest possible sections can be cut with a sharp thin 
knife (5 75) from the firmest of Iheso preserved fruito. The 
Bpecimen may be placed in a little syrup for examination. 

The action of syrop and glycerine will be discussed in 
Chapter X. 

188. The Btniotnre of Tl8Biiea—0«neral obiarvatlonB. — 13lB 
tissues of animab and plants for the most part are compound, 
and made up of several distinct elementary structurea. For 
example, the smallest portion of flesh or muscular tissue, which 
can be removed with a knife or pair of scissorB, is composed of 
several distinct structures. In the first place must be noticed 
the proper tiibilance peculiar to muscular tissue, in whiob tbB 
ohanLcteriatie oontraotile power resides. Secondly, at Leart fn 
most cases, we find a tube ooraposed of perfectly clear, trau- 
jtarent, itntctureliaa ntmbrane, in which this contractile Eubstaoce, 
or sarcouB matter, is contained. Thirdly, there exists a certwn 
quantity of areolar litme (Figs. 112, 113, IIS), which conneots 
together these elemeutary fibres; and not un&eqnently associated 
with this is a little fiUtff or adipote tiaiue (Figs. US, IIS]. 
Fourthly, are vegteli (Figs. Ill, 114), lying between the elemen- 
taty fibres just described, in which the blood circulates, for &t 
supply of the tissue with its proper nutritive elements. In the 
fifth place we find nerve-fibres running in the same positioa W 
the vessels [Figs. Ill, 114) : and lastly, at least in relation with 
some of the fibres, are lymphatic vessels. 

Thus, muscle is composed of several elementary atmotures, 
each having special anatomical peculiarities, and differing from 
the others in physical characters and chemical properties. Some 
of these structures refract light very highly ; others, only in s 
very slight degree. One may be greatly altered or even destroyed 
within a very short time after the muscle has been removed from 
the body, or by the actioti of plain water, while others resist 
deoomposition for a great length of time. The characters of one 
may be demonstrated whon the muscle is exauiined in water } 
a second, when it is immersed in syrup or glycerine ; a third, 
when the speoimen in mounted in Canada balsam ; while the 
amngementof the dehcate, transparent, capillary vesseb cannot 
be satisfactorily made out unless a particular p 
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Such ia the nature of the teitnres in ordinary flesh 
I «re demouslrable b; the aid of the microscope- 
In Plate XXVII a drawing oEa beautiful speotmeu ofclcmen- 
taiy muscular fibre from the diaphragm of the white mouse is 
represented. This was prepared b; iojecting the vessels with 
gljceriue and other suhstanuea in the first instance, as will be 
ftjly described iu Chapter VII, The finest nerve fibres and 
capillaries are seen in this specimen, and the transverse striie or 
markings ou the elementary 6bres are very distinct. 

The chemist can detect a host of other compounds the presence 

of whiuh tbe mere microscopist would ever remain unconscious of^ 

fcr they are dissolved in the juices of the Biusolo, and therefore 

L Inoapable of being detected by the eye alone. 

I The vast difference in the properties of the several textures 

I ftbove enumerated renders it very dilhcult to demonstrate all 

in one single specimen, for the circuinstnnoes which favour the 

exhibition of one structure will often render another quite 

invisible. Ilcnce, before we cau hope to demonstrate eaCis- 

fiictorily the anatomical peculiarities iif any oue of these different 

textures we must Iwcome acquainted with its geuoral properties, 

and must consider the mode of examination likely to be moat 

efficient in rendering these distinct. 

The walls of the smallest vessels are so thin and transparent 
that it is necessary to fill them with some coloured fluid or 
material more or less opaque, if we wiali to seo the mode uf 
amngemenC of the vascular network {see Chapter VII, On 
Injection) ; while this same process, as ordinarily followed out, 
jireolndes the possibility of tracing the finer ramifications of the 
nerves, and other elementary tissues are hidden and compressed 
by the distended vessels. To demonstrate tbe nerves, all the 
Other structures must be rendered us transparent as possible, by 
the application of a chemical agent, or by immersing the 
epeeimeu in a highly refracting fiitid (««« alto Cliapter X). In 
order to show the membrane in which the larcoiu Cttiue is 
contained, the latter must be ruptured within it in a perfectly 
fresh specimen, or it must be separated from it by pressure, 
£7 one plan of proceeding it may bo shown that the elementary 
fibre of muscle may be divided longitiidiunlly into a number of 
minute fibrilla, arranged parallel to eat'h other ; while under 
other circumstances it can be stparalcd transversely into a pile 
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of imall dittt, or into a number of mx»l\ eli^nietit&iy 
definite form and bim, by the conneiion of which to 
tigUDUS purtialeg, the Jlbrillis, or the ifuita, are produced, 
Bs the purticles adhere to eaob other moBt intimatelj bj tb 
mdea or bj their estremitiea. I might adduce nutnf ot] 
ioatanceB of the neceasitj of studying the geuerel ol 
of tissues liefore any minute examination of tha indiridi 
structures ia attempted, but this is sufficient. 

137- Oa BemonatTBtlDB' the Anatomical Peaiill»ritlai 

TiBsnoB. — Now, some observers who have not sulGciently a 
aidered the diflereut characters of the elementary structure! 
which most of the organs of the body are composed, have Htroni 
objected to what they term joeUtoda of preparation, asserting " 
by these processes, structures are eveafomitd which hare no 
existence in the natural state of the part. For this view then 
some reason. Doubtless, from the examination of a dead tis 
we can form but an imperfect conception of the beauty <if 
elementarj parts, aud their wonderful adaptation to the oE 
they are designed to perform in the animal economy ; neith 
o&n we form an idea of the changes it undergoes dun 
life; and we must remember that there is no known fluid 
which we can immerse a specimen for examination, wU 
possesses the precise charactera of that which bathes the iSm 
during its lifetime. Serum may, perhaps, l>e the nearest appiOM 
to such a fluid, but there is every reason to ))elieve that tl 
differs from the fluid surrounding tlie primitive particles aloK 
as much as some artificial media which have been proved I 
Mporieuce to give very aatisfactory results. Objectors to tl 
preparation of tissues liave nut satisfactorily proved that man/ 
the structures which we see after death have a precisely jrimili 
appearance during life, aud it is more than probable that 
of the niore delicate tissues have never been seen by any one t 
tho condition in which they exist during life. I l<elieve that U 
amuuut of opacity which is absolutely uecessary for seeing Kni 
of these is tjuite inconsistent with their natural condition, and 
the result of a change which has never been fully apprecdatd 
tnough. peihaps, some idea of its nature may be formed t[ 
eousidering the characters of fibrin in the circulating blood, 
Btoin remuved from the organism and cuagulawd, or those ( 
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a diBSol''ed in the wnim, coagulated hut transparent in 
" many of the tiaaues, coagulated and opaque after the addition of 
different reagents. 

From what I have just observed it miist be evident, that the 
dear demonstration of the struoture of unj individual organ of 
the bod; is a eomewhat difficult matter, and requires a con- 
siderable amount of knowledge of the chemical and phfaical 
cbaracteTB of the tissues, as irell as patient investigation and 
earnest study, which will alone enable ub to make artificialiy a 
fluid which shall poeseea the most important characters of thai 
which gurrounds the tissue during life. 

188. The Anatomy of OrniltB more easily Demonatrat«d In 
the Lower Animala than In Man and the Higher AnJmale-— 

In consequence of the great compleiity of the structure of many 
of the tissues of the higher animals their rapid change after their 
removal from the body, and their extreme delicacy, anatomista have 
long been in the habit of resorting to the examination of textures 
in the lower forms of animal life for obtaining an insight into 
the structure of parallel tissues in the liigher, and with con- 
liderable success. I can adduce no better example of the great 
value of such an appeal to the simpler forms of animal life than 
occurs in the case of the tidn^. 

In animals generally, this gland consists essentially of a vast 

number of long and highly tortuous tubes — which in the higher 

members of the class are packed so closely together that they 

form a firm and very compact oi^n, the general characters of 

which are lamilinr to all— and of veasels hearing a particular 

relation to these tubes. In such a kiduey it is impossible, under 

ordinary circumstances, to follow a tube for any very great length, 

U the observer will be convinced if he looks at a specimen in the 

mioroeoope ; but in the lower animals the kidney is less compact, 

and the several tubes are not so intimately connected together. 

, Indeed, in many of them the kidney is prolonged into a thin, 

L transparent, almost threadlike organ, which extends into the 

b'thoraeio portion of the animaL In this situation in the common 

r r/t (Triton or Lissotriton) we have, so to say, a natural 

idSaseotion of the elements of the gland structure, and we may 

wncfraff an arrangemeut, the existeuce of which we can only 

■ir^«r by an exwrniuBtiou of thin sections of the compact kidney 

l^f Bummaliau animab. Single tubes, with the structures con- 
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nected with them, may be traced throughout their entire lengthi 
and are quite separate from uue anuther. I need hardly observar 
that it would be vaiu to attempt tu uiake euch a disseotion 
artificially. 

Many otlier ioBtaucea of the value of this kind of investigatioa 
might be adduced of equal interest and ImpurtaDcc, but iostenA 
of ocoupying time in this tntiiiner I will must strougly urge upoa 
all those who are likely to prosecute researcheH upon the charao- 
ters of any particular tisaue or oritaii, the importauoe 
invest igatiog carefully its nature in the different menibers of the 
creation, aud especially in the lowest forms iu which its existence 
has beeu proved, — for there we may be sure to find 
amplest coudition, and the mind will be better able to appreciate 
the exact meauing of the structures which are superadded, ani 
the more einborate auatomlcat detail which is met 
higher animals, than if we commenced our researches upon tiw 
most perfect examples of the structure. 

139. or the Time after Death when Tiasnea abonld bs 
amined.'-l must also make a, few remarks upon the time when 
the examination may be carried on with the best uhanoe «f 
success. Some animal tissues require to be examined very 
after death, or their chonicteristic peculiarities are lost. Soon 
after death a shrinking or collapse of the soft germinal matter 
(the so-called ' nucleus ') occurs, and this alteration has led to 
the view that the nuclei lie embedded in spaces or vacuoles in th« 
tissues. During life, and especially iti the early and more active 
period of growth, the matter of whicli the nucleus is composed is 
cOHtinaoud vil/i the tissue. 

140. Ciliary MovomBnt. — Upon certain surfaces in the higher 
auiroals, and to a greater extent in the lower classes, we find 
that the cells which generally form the outer coating to more 
delicate structures beneath, are provided with very active 
vibratile processes, or eitia, which by their movement create 
currents often of some considerable power. These movements are 
sometimes rei^uired to promote the rapid removal of foreign bodies 
which would injure delicate surfaces if they came in absolute 
contact with them, or for promoting a cotislaut change in the 
fluid medium by which the animal is surrounded. The 
importance of cilia in effectiug the latter ubject is seen in the 
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gre&ter nnmber of shell fish, which aro stationary throughout 
life, and are not provided with an apparatus fur promoting a 
continual change of the fluid which bathes the surface of their 
reqiiratorj organs. In these animals this great objei.'t is entirely 
effected by the agency of these small cilia. 

Ciliary Motion endures for a longer or shorter period after 
death, and is entirely independent uf the nervous system. lu 
the active birds it ceases very soon, hut iu the more slowly- 
nourished, cold-blooded animab it often lasts for many days 
after death. 

Ciliated epithelium can always be seen in the mucus scraped 
from the tongue of the frog, in the kidneys of this auimol and 
of the newt, and on the gills of the mussel and oyster, of which 
a small piece may be removed with a. pair of scissorB. It is 
important to moisten ciliated epithelium with a little serum of 
the animal, as water soon puts a stop to the movements. The 
movements are excited by the action of very dilute potash. 
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lU. Of WaHiff Minute DlaeeotionB. — Minut« dissections are 
usually carried on under the surface of fiuid with the aid of small 
scissors, n^dles or small knives, and forceps. If the preparation 
has been preserved in spirit or other solution, it must he dissected 
in the same fluid, but in ordinary cases clear water may be use< . 
The microscopist should be provided with a few small dishes, 
varying in size, and about an inch or more in depth. The tivrge 
built cells make very good troughs for disaeotiug in, but small 
circular veesels are made on purpose. 

142, Iioadod Corks. — The object to be dissected is attached to 
a loaded cork by small pins (Plate XXX, Fig. 124). We may take 
B piece of flat cork ratlier smaller than the cell, a:id then out a 
piece of sheet lead somewhat larger than the cork. The edges 
of the lead are then folded over the cork and beaten dowu slightly 
with a hammer, and may afterwards be Hied with a rough file. 

The object being fiied upon the cork and placed in the cell, 
fluid is poured in until it just covers the surface (Plate XXIX, 
Fig. 131). A strong light is then condensed upon it by means of 
a large bull's eye condenser, or by a large globe full of water. 
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With a Btrong light, magnifjing glasses are not required ; and I 
have always found that delicat« disgectious could be made with 
the greatest facility without the aid of a dtesecliug microecopo, 
provided a stroug U^t was condensed upon the object Occt- 
aioual exatmnation of the diBgection with a lens of low power u 
ftdTRntogeous ; but if a leua be employed during the diasectioa 
there ia great danger of accidentally iiijoriug the apccimvu, aa it 
is impoeeible to judge of the distance wluuh the needle point 
may be beneath the anria^e of the fiuid. ^linute branches of 
nerves or vessels maj in this way be follotred out, and small 
pieces of the different tissues into which they can be traced maj 
be removed for microBCopical examination with a pair of fine 
scissors. Memhrance may be dissected from the structures upon 
which they lie in a similnr nauaer. By this plan the nervouB 
system of the smallest insects can be very readily dissected. The 
tuode of proceeding is represented in Fig. 121. 

148. Tablets upon which Diaseotions may be Filmed ont. — 
Many preparations require to be arranged iu a particular position 
previous to being rouiiQted as permanent objects, SItibt of ukib 
are usually employed hy anatumiats for this purpose, but when 
transparency is required the dissections may be attached bj 
threads to thin plates of miea. 

1 have found that the best slabs may be made of a mixture of 
vox and ffvtlti percAa, in the proportion of uue part of the former 
to two of the latter. The ingredients are to be melted in an iron 
pot, over a clear fire, and well stirred. When quite fluid, the 
mass ma; be poured upon a flat slab and allowed to cool. Thin 
cakes of about the eighth of an inch In thickness are thus 
obtained, and they can easily be cut with a knife to fit the oaUa 
intended for the preparation. Fins or small pieces of silver w 
may be Inserted into these slabs, and will adhere firmly alth 
the slabs are very thlo. 

144. Of obtaining' Thin SeotioDS of dlfferBot Textnrea i 

Hicroacopical Examination. — The instrunicuts required ] 
obtainiug thin sections of soft tissues have been described 1 
Chapler 111. 

It is scarcely necessary to observe that such different U 
as muBoutar fibre and gland structures, and other soft t 
rcquiie a process for cutting them diUerent to that whi 
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P^fpUcable for cotting thia alioes of suck tissues as hair, horn, 
■'bone, or teeth. 
Where thin i 
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nquired they may be obtjiined by scissors (§ 73), by the ordinuy 
•calpel (5 74), by the double-edged knife (^ 75), or by Vftlentin* 
knile (^ 77). WheneTer a thin section of a tissue b made, the 
tnatroment employed must be thoroughly wetted with nater, and 
the aectioD, after it« removal, should be carefully washed, by 
agitating it in water, or by directing a stream of water upon it 
from the wash-bottle (§ ISO, Fig. 173, Plnte SXXVII), Thii 
washing is absolutely necessary to remove from the surface of the 
BHtion pivrticlee of debris, which would render the nppenntnces 
indistinct, nud interfere with the cleariieBB of the epeciineii whan 
it was Bul>ject«d to examiuation iti the microscope. The section 
may then be transferred to the fluid in which it is to be examined 
or prueurved. 

146. Drying the Tiasne before Onttins the Beotton. — Then 
4re, however, many tiseues, of which sections canunt be obtained 
in this simple mauuer, — thus it is almost iinpouible to ont 
•ections of soft meuibranuus textures perpendioular to the surbcc, 
snffioieutly thiu fur examiuation. In such cases, it is adnsable 
to pin tlie texture out upon a board when perfectly fresh, ftnd 
expose it to the atmosphere until quite dry. Thin sections may 
then bo cut very easily, and upon being moistened with water 
will resame their recent appearanoe. The very delicate nervooB 

the retina may be tut into very thin seciioiis by drying 
the eye which has been cut open, so that it may be pinned out 
fist on a board. The vitreoue humour is not to be entirely 
removed, bb it protects the retina and dries up with it. Tery 
thin sections of skin and many other tissues may be obtained by 
this process. 

140. HardenluB' the Tfaaue. — Other textures, acain, require 

npecial treatment in order to render them sufHcicntly hard to 

enable us to cut thiu sections. Some re<juire boiling for this 

I purpose, others soaking in alcohol, or chromic acid, ur in symp, 

t.wbiie not a few require special modes of Ireatmeat, which tre 

■ applicable to them uloue, 

147. Hom.-^Tliiu sections of horn and textures of this des- 
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eription aaj be cut with & Bhorp strong knife (Plato XXIII, 

Fig. 89). 

148. Hair. — There lire many ways of obtaining thin transrene 
seotious of hair. Thus a number of haira, nay be united together 
by a little gum, so aa to form, when dry, a firm hard masa. Thin 
Bections of thia can readily be made, with a sharp knife, and 
the individual pieces may be separated from each other, by 
the appHcatioD of a drop of water. These may be mounted in 
fluid, or dried and preserved in Canada balsam ($165). 

Or the hairs may be placed between two pieces of cardboard, 
or between two flat pieces of cork, and when tightly pressed 
in a vice, thin sectione of the hair, including the cardboard and 
cork, can be obtained with a sharp knife. For cutting thin 
tianeverse sections of hair, my friend Professor Weber of Leipcig, 
recommends a very simple expedient. He suggests that the 
beard ehould be shaved very closely, and then after a fen hours 
shaved again. Id this way eicesaively thin reotions of hall in 
great numbers may be obtained. 

149. BIakln.K Thin Sections of Dry Bone — For obtaining thin 
sections of bone, a totally different process is requisite. In the 
first place, a section as thin as possible is removed from the bone 
with the aid of a thin sharp saw (Plate XXIII, Fig. 90). Thia 
may be made Eomewhat thinner by a lile, and afterwards ground 
down to the required degree of tenuity upon a hone. The beat 
stones for this purpose are the Arkansas oil stones or the Turltqr 
atones, which have bean ground perfectly flat. The section may 
be kept in contact with the stone by the pressure of the thumb, 
or with a piece of cork, or by the Itugei*, or lastly, it may be 
nibbed between two hones, a proceeding which saves much time. 

It is to be ground down with the aid of a little water, and 
when sufficiently thin it may be subjected to examination in 
the microscope. It will, however, be found, that the beauty 
of the tisane is completely obscured, owing to the number of 
soratches upon its surface. These may be removed by rubbing 
the section upon a dry boue, and afterwards upon a piece of plate 
glass, Aft«r the piece of bone has been properly polished, no 
lines will be seen upon it, when it is esamined in the microscope. 

160. Teeth — Sections of dry teetli cannot be advantageously 



ITITH THK UTOBOBCOFK, 



^^P inn 

^Bprepared in this manner, owing to the veiy brittle oftture of the 
enamel. The better viny is to grind the tooth down at a dentist's 
lathe until a'Bection aufflctently thin be ohUined. 

Sections lA frtth bone und teeth may be prepared moigt 80 as 
to show many more important pointe in. their structure and inode 
of growth, according to the plaa described in Chapter X After 
thejr have been soaked for some time in gljcerine and acetic acid, 
varj thin shaTings even of enamel may be obtained with a rtrong 
Bharp knife. The calcareous matt«r may be dissolved out from 
specimens prepared by cnnnine, and Uun sections easily made of 
the modified matrix. 



Ml. Seotioiis of BheUs of many of the lower animals, and the 
h&rd shells and stones of fruit may be made in a similar manner. 

163. Sectioiia of Wood may be made with the aid of a little 
instrument fif^red in Plate XXX, Fig. I SS. A piece of wood, after 
having been allowed to soak for some time in water, is pluced in 
the hole, and kept in its position by the side screw. Upon turning 
the loner screw the wood is forced above the brass plate. A 
clean section is now made with a sharp strong knife or razor- 
By turning the screw beneath, very slightly, the wood is forced 

H above the surface of tlie braas plate, and thus a section of any 

^Knqnired thickness may be obtained. 

^^L IS3. SisseotlnK Tlasaea imder thelDoroBoopeiritb'thealdof 
^Kj^ Oompreasorlnm. — In many cases the observer wishes to 
^HjUnect an extremely delicate structure um^r I/k microumpe, for in 
^rtUs way much information can often be acquired with reference 
to the exact relation existing between the structural elements 
of the tissue. Tliis object may be gained by means of a little 
instrument termed a conipreatorium, which consists simply of a 
convenient arrangement by which pressure cnti l>e applied to an 
object while under examination (Plate XXX, Figs. 126, 1271. This 
pressure being applied gradually, the texture becomes frayed out as 
it were, and particular stmctures can often be teazed out from a 
tissue, and demonstrated more diatinotiy than by any other method. 
The structure of the oompressorium is very simple. Many 
different furms have been recommended, one of the simplest con- 
sists of a thick brass plate with a hole in the centre to admit the 
light. On one side of this is situated the fulcrum of a lever, the 
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rt end of nbich acta upon a. circular ring cuTpnj; the tMn 
_ >Ter the preparation, whilo lo the tongerann ta attached 

a screw, which bj being turned caofies the thin glass to lie pressed 
tightl]> upon the object placed upon a. jnece of plate gkss site&ted 
apon the plate of the oompressorium. A more perfect form of 
inalruuieiit hue been arranged bj Mr. Highlej. It is represented 
in Plate XXX, Fig. 126. 

The plate glase is usuallj Gied in the hole in the brass plate, 
but it is more oonTenient to have a ledge attached to one side, so 
that an ordinarj plate glass slide ma; rest upon it. With socfa 
ta arTKngemeiit, the tissue to be examined can be placed as naj 
be thought desirable, upon an; part of the gloGS before it is 
removed to the compreesoriiun. 

A very onnveuient form is employed by M. Quatrabgea, in wU 
it is possible to esiuiitiie the object upon either aide. 

UH. The OeU or Aixlin>lcrul*Oa» [Plate XXXT, Fig. 1S7) also 
serves the purpose of a compresBorium when a very great amount 
of pressure is not required. It is important that the shoulder 
apon which the cover fita should be at le^t as wide as the odo 
6gured, otherwise when the glasees are not cleaned immediately 
after use, solutions which have been examined are apt to drj and 
prevent the removal of the cover without much trouble. 
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Vamodb Wats. 

Many objects require examination in several distinct ways 
hefbre an accurate idea of their general structure can be obtained. 
It is in many instances of the utmost importance to examine an 
otject by rtjUcUd li^kt as well us by transmitted liff/U, and to 
observe the peculiarities of structure when it is surrounded with 
AT, or iiiimersed in tcaitr. or in a highly refracting fluid, such db 
glyeeriM, oit, twrpfntine, or Canada baham. Not less valuable is 
tile information we derive from the application of certain themi«ai 
rtageM* {tee Chapter VllI). The microscopical obBerrer mast 
be«r in mind that in order to make out the eiact iiatuie of any 
texture it is ueonsary to subject it to various diflerent processes 
of observattuu, and to the action of certain chemical reagents, 
oooording to the tranipareney or opiwUt/, dcntiiy, rtfractivt jiouer. 
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I KaA eAtmieal tompoHlion o! the Bpocimen. Bo also he mii.qt submit 
I the object to examination with hiph pawen and low puicert. 



10ft. Appearance i 
Wkter, and Canada E 
Ul« Influence of Bef 



the Same Object examined In Air, 
[aam, by Trmmmitted Ught, and under 



lected Usht and Poluloed Llstlt. — In 

Plate XXXI fipucimcug of the same structure (spherical orystols 

of anrbouate of lime and ootohedra of oxaJate of liiue; magnified 

in the same degree, are represeuted. 

In .lir.— Id Fig, 12B crystals of carbonate of lime, and in Fig. 

I 134 uctohedra of oxalate of lime are shown b; tranAmitled lujht 

I in atr mounted in the dry wny, and it will be noticed how ver; 

I dark and thick the outer part appears, aud how impoBsible it 

I is to make out the ultimate arraugcment of the former crjatals. 

In W,iUr. — \a Figs. 129 and 135 the same crjatals are seen in 

W(iter. The outer part ia stiU very dark and thick, hut iu the 

oarbonate of lime a few lines mn; be observed radiatiog from the 

centre of the crystals towards their circumference, although not 

Tery distinctly. 

/» Canaila Balsam.— la Figs. 130 and 13G the crystals are 

Bilioirn immersed in Canada balsam. Here the outline appears as 

B-ft sharp well-defined line. In the case of the carbonate of lime 

[ • vast numbGr of narrow lines are s«en radiating from the centre 

I of the crystal towards its circumference, which shows that it is 

I leally made up of a congeries of minute acicular aryfitula. 

Bif Bt/Uf^ed Light.~la Figs. 131 and 133 the crystals are 

represented as they appear when examined by reflected light. 

The globular form, and yellowish colour of the carbonate of lime, 

are very distinctly seen, and the surfaces of the crystals generally 

tsDem slightly rough, while some appear to be covered by minute 

levations. 

By Pol/jrind Light.— Iv Fig. 132 another preparation of the 

rstala of carbonate of liiue is seen under the iufliieuoe of 

' polarized light. Each crystal exhibits a black cross which alters 

its position and appearance as the anaJiptr (| 34) is rotated. 

I These important points might be illustrated by a vast numtier of 

■t substaDces. I cannot too strongly advise the observer to 

nlqect various microscopical structures to examination in air, 

W, onrf Canada baUam. and by direct or re/lecltJ,BS well as 

""under the iiifluenoo of trantmitUii light, and in some cases by 

palarUed %A(, 
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CHAPTER VI. 

Os THE EXAMTSATIOS OF TiBSUEB AND THEIR PbESEBTA- 

TIOJT AS Pebuasxht Objectb. — General Contideralumi 
Aeiih reference to the Nature of the Medium in wkieh 
TittuM should be placed for Examination. ExAMiNATIOJf 

AKD PbESEBTATION of StbUCTUBEB I!I Ain. ExiMIB*- 
TIOS AHD PbEBEBTATIOM OF SlTBHTilfCKa IN A«JI(EOUa 
FiCtDS. ElAMINATION AND PbESEBTATION OP SOFT 

Tissues. — Mascle — ViHi, Adipose I^gue — Nerve Fibres — 
Arrangement for pressing doton the Thin Gl-ass Cover upon 
the Preparation while the Brunsteich Black is drying — 
Examination of Vegetable Tissues — Of the Circulation in 
the Cells of ValUsneria— Anacliaris, Anchma, ^c. Eiami- 
SATioJf AND Pbebbbvation of Objects in Canada 
Baxsau. — Examination of Hard Tiitues: Bone. AiH- 

BDBBLE8. OlL-OLOBrLES. — Blood-glol/ules — Fangt. Of 

THE Separation of Depobits from Fluids. — Conical 
Qlasses — Pipettes — Removing the Deposit tnth the Pipette 
— Separation of Deposit when very Small in Quantity 
— Examination of Infusoria — YortieelliB — Zoophi/tes — 
On separating the Coarse from the Finer Particles of 
a Deposit — Method of obtaining the Silioioue Skeletons ^ 
Lower Organisms — Wash-bottle — Qf keeping Preparations 
in the Cabinet. 



Of THE EXAUNATION OF TlBSDES AND 01 

AS Febhanent Objbc 
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Mioxwoopto objects require to be mounted in different media 
according to the nature of the texture and the paitioulor tissue 
nhioh it is intended to diapiaf . 

166. Oenaral OonBJderatioiis with referenos to the Natnie 
or the Kediam In which Tiaauets should be placed for Bzamtna- 
tlon. — If the structure be dry and very thin, or if it is required 
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reflected light only, but very thin dry tiasues, like the epidennia 
from different ports of plants, muy be cxiuuined by reflected or bj 
transmitted light. 



BxAMiKATioii AHi> Pbeshbvatioh OF ScTBSTAifota nr Aqui 

Fluids. 

168. Examiiuitiori of Sabatancea In YI-oIOm. — I have a 
drewn attention to the most important points to be borne % 
mind, with reference to the examination of substances ii 
fluids {!j 155). In cliooeiug a fluid in nhicb the specimen ii|j 
be immersed, its ehemical composition, its transparency, and its 
refractive power must be conaidi-red. The different preservative 
eolutions described in Chapter III, page fiS, ma; be used for the 
preservation of a variety of objects in fluid. If we wish for a 
fluid closelj resembling water, but poBSeesing the property of 
preserving the specimen, we may use the eolutioiv of luiphtha and 
creotote {§ 102), or nnphtha awl water, or carbolic acid and watMi 
If we require a fluid of higher specific gravity, some of the u" 
solutions, diluted with a proper quantity of water, may be a 
If we wish for a solution which refracts highly, we may ei 
glycerine, or a mixture of glycerine and gelatine ; while, if ^ 
require a fluid which has the property of hardening the atructul 
we may immerse it in a. solution of chromic acid, tid 
potaek, corroiiet mlili7natf, tiT diluted alcohol. 

In all cases the substance should be immersed for some time 
in the fluid, in which it is to he preserved, before being mounted 
permanently. The celi made of Sniiuwict Maek or the thin gloss 
cell, or other fomu which T described iu Chapter III, may be 
chosen according to the dimensions of the specimen. The object 
and fluid being placed in the cell, the tbla glass cover is applied, 
with the precautions to which I shall presently advert. The 
superfluous fluid is removed with a piece of blotting paper, or a 
soft cloth, and after the edges have been allowed to dry a littler 
they arc anointed with a thin layer of Brunswick black. 

Almost every organized structure, and especially the soft moijt 
tissues of the bodies of anitnals, may be advantageously preserved 
ID fluid. The solution which is employed for preserving k 
structure should resemble as nearly as possible in density a 
refractive power, the fluid which bathed it during life, 




WITH THB MI0B08C0PX. 



93 



LBO. ExamfntLtlon and Preaarratlon of k Soft Tisma ; 
Xoaole. — Suppose a portion of muscular fibre is to be eiBiiiiiiied 
under the microacope. A etaall piece may be removed with a 
pair of verj fine eciuon, and placed carefully upon the glasa 
dlide. With the aid of two ueedlea it may be torn into verj amatl 
shreds, and it is then to bo moietcDed with a, little water dropped 
upon it from the finger, or from a pipette, or from the wash- 
bottle ; or instead of water, a drop of eerum, of sjrup, or of 
gljrcerine may be added to it, but in this case it should be allowed 
to remain in the syrup or glycerine for some time, so that it may 
be thoroughly permeated by the more dense solution. Next a 
square or circular piece of thin glass held in a pair of fine forceps 
is gently breathed upon and applied to the aurfaoe of the liquid, 
lifting brought into coutact with it, first on one side, and then 
allowed to fall down very gradually with the aid of a needle or 
piece of fine wire placed underneath one edge, until it is com- 
pletely wetted (Plate XXXYII, Fig. 174). Lastly, any superauous 
fluid is to be absorbed by a cloth, or a small piece of fine sponge 
or blotting paper, and the slide placed in the field of the 
microscope for examination. 

It is important to prevent the entrance of air bubbles (Plate 
XXXTI, Fig. ICl) during the application of the thin glass cover, 
and if any are visible in the tissue or surrounding fluid, before it 
is applied, it will be better to wait a few minutes until they rise 
to the surface of the liquid and burst, before allowing the thin 
glass cover to fall in its place. While time is allowed for this to 
take place the specimen should be covered with a email glass 
shade to prevent dust falling upon it (Plate XXIII. Fig. 92, § BS). 

It is advisable not to remove too much of the fiuid, for fear 
the thin glass should press so heavily upon the preparation, as to 
cause the several structures of which it is composed to be squeezed 
together aud the specimen rendered confused. The observer will 
find it very naefiil to place a piece of hair or hog's bristle, between 
the thin glass and the glass slide, by which means too great 
pressure will effectually be prevented. The same effect is obtained 
by nsing a glass cell, but it will be found, I think, that it is more 
convenient to pursue the plan just described in the mere exami- 
nalio't of most tissues than to place them in a glass or otiier cell. 

Sometimes it is desirable to examine specimens while warm. 
This may be effected by allowing a current of heated air to 
Moend tlirough a copper tube, a piece of glass being placed at the 
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tower part of that portion of the instrament, which lies n] 
stage. A circular hole le made in the upper surTaee, o 
this the gla^i slide is phwed. The arrangement will be a' 
understood by reference to the drawing (Piute XXSV, Fig. 168). 

Whenever a Bpocimen is to be preserved permanently in fiuid, 
h Bhould be immersed id the solution in which it is intended td 
remain foT Bcvenil hours previoua to h^ng mounted, bo thut It 
maj be thoroughly saturated with it in ever; part The duid 
nm; be placed in a moderately deep cell, in a. wetch-glafs, or in ft 
onp of one o! the pnlates used by firCists, from which it maj 
afterwards lie removed to the slide. The thin ginaa having l»en 
applied, and nil Bupcrfluoua fluid removed, a thin layer of 
Brunswioi( black is to be carefully placed round the edge so as 
to cement the thin glass to the elide. When this is dry other 
layers are to be applied successively until the joint is considered 
quite tight. The cement adheres better to the glass-slide if it is 
roughened previously by grinding in this part, or it maybe 
scratched with the writing diamond just where the cement it 
to be placed. All objects, except the very thinnest, if preservad 
permanently in fluid should be placed in a cell, because there 
is a much better prospect of their being kept permanently, than 
when placed upon the glass elide in the manner employed for 
examining the specimen temporarily. The chance of air getting 
into the cell is much diminished if the cement which is used 
poeseBses slight elastic power, bo as to admit the alteration whioh 
neoesfiarily takes place in the volume of the fluid under varia- 
tions of temperature. Mr. Brooke always adds a few drops of 
a solution of India-rubber to the Brunswick blaok, and ttkta 
admirably fulfils the end in view. 

leo. Examination of Villi, Adlpoae Tiasue. Nerve Flbrea. — 
Several animal tissues are represented in Plate XXXIT, Figs. 138 
to 145. One of the best plans to demonstate the villi, which 
project from the snrfaoe of the mucous membrane of the intestioe 
is the following : — A stream of water is allowed to Sow over the 
flurfiuK so as to cause the villi to fall in one direction. A clean 
out is then made across the intestine, and the villi caused to foil 
in an opposite direction by the stream of water. When a very 
thin section is removed from the freshly out siirtaoe, one or two 
rows of entire villi will be readily obtiiued. The epithelium ia 
often removed by this prooess. Its arrangement is represented 
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I in Fig. 142, and in Pig. 143 some of the sepirate celk ore 

' wen, 

A portion of adipose tissue, with the white and yellow 

I elemeuts uf aTcoliir tissue, ia represented in Fig, 140. 

JVenw Fibra, when exaiiiiiiad by the usual methods, and 
especially when placed in water, become much broken up. It 
seems that the water alters the white substance of Schwann, 
vhich oouEiBts of soft and viscid nmtter, containing a large 

I quantity of a peculiar form of tatty matter. Nerve fibres altered 

' by water are represented in Fig. 144, 

161. Amuiffement for PieBsluff Down the Thin Olaaa Oever 

upon the Preparation whils the Brunswick Blaok ts Drying. — 

There are soujc substances which require slight pressure to 

display their peculiaritit-s, and it ia necessary to be provided with 

I arraugemeut for keeping down the glass cover until the 

I Dement which is to hx it in its place is dry. A very simple way 
(tf effecUug this is, to place a small piece of wood, about an inch 
in height, upon the cover. This may be fised in its place by 

I pasdng a piece of thread over it, and tying it at the back of the 

[ slide ; or the wood way be kept iu its pkae by a vulcanized 
India-rubber ring. My friend Mr. White has devised a very 

' ninple and ingenious apparatus for this purpose. It cousiBta of 
& hent lever, which, by acting upon a screw, can lie forced down 
upon the thin gloss with the amount of pressure reqaired. 
Another form of instrument, designed by the Bev. 0. Igbell, is 
wen in Plate XXXV, Fig. 16!), The slide must be allowed to 
remain until the varnish be thoroughly dry. The oompresaorium 
may also be employed for the same purpose, by insertiug a small 
piece of cork between the thin gloss to which the pressure is to 
be applied, and the glass of the compreasorium itself. 

Mr. Hoblyn, of Bath {"Archive* of Medicine," Vol. Ill, p, 140), 
ioB invented an ingenious arrangement for the same purpose. 
In this instrument, a uunilxir of slides may be placed at the same 
time, and a graduated pressure enerted upon them. (See 
PUte XXXV n, Fig. 17C.) 

18S. Examination of Vegetable TiasueB The examination of 

v^table tissues is conducted upou the same general principles 
as that of animal textures. The spiral vessels of plants can in 
many instances be obtained by boiling the stem of the plant for 



la nt» XXHT, r%. l«7,k 

■riM td Arm mmw imtm tX a i^e pwn e u l m «t nta 
of a)iB«taqaBt(rCi(BatBch ifHt. nalonwwtea^p 

rfwwi tJw imgalsr A^e and pMkiaa of Ibcaelbn tne af da 
Umh af tUi pluC The Itiiofciw o( tU ceatoJ part ot 
ImI if «Mip(M4 of two l^en of nob telK bat tf tlw im 
ml/ OM b/tr esiata. R^ 14B itfMeaU ao« c^ tbe 
■fpfoM vr bain at tbe margia of Uie leaf of tbe utadiaria. 1 
Bppaan tbat wh«a tb« cowlatfng oDrptudei arriTe near the ^ 
of tlM ipiiia wbera th« edl wall is indoraled, •• •boira 1^ 
brown duaJontion, tbe/ do dot paat quite b> tbe apex, bvt H 
iitTarialilj knrricd aerrjM the c«U. a« «eea at £ in the figm 
Tha three dnwiDgi ab>re referred to have been taken bun 
Mr. Wenhain'i paper " On the cireulatton tn tbe leaf oeO 
Anacliarls aliinaatrum ." {• Mic. Journal," Vol til, p. 281.) 
Id riatfl XX3CIV, l-lg. )At>, is reprcfented a hair or quae I 
tfa« atalk of AnchiuB panumlaU, one of the Boragineee. This 
]• alwi taken from a drawing by Mr. Wenbam i" Hie. Joanal^ 
Vol. Ill, 4D). Tlie inodc of growth and circulation of tbe m^ 
ompuictia arc wull ihnwn. Those accutnulate aud gradually 
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become converted iuto tlie tissue of which Iho apiiie ia composed' 
Mr. Weiiham wol! describes this process sa followB : a. dcuae 
current of corpuBcles traveU along one wait of the xpine ood~ 
Btantlj' TeturniDg hj the opposite Bide i, b. At c, where the 
deposition occurs, there is a caDsidoni.ble accumulation, and at 
the boundary where they are converted into the gubstauce of the 
Spine a number are teen to be adherent. Often in specimens of 
this plant the deposition has been «o rapid that there was not 
sufficient tinm for the complete condensation of the component 
corpuscles. In these instances a number of them have been 
caught and looselj enclosed in. one or more cavities, us shown at 
d, d. The walls of these containing cavities do not poBsess a 
deGuite outline because these are lined with corpuscles in all their 
different stages of transition. 

The course which the current Likes in the cells of valliaiieria, 
uuuihariB, ttc, is not perfectly regular, and is indicated b; the 
arrows in Fig. 107, after Dr. Branson. 

If seaweed is to be prc^aerved permanently, it should lie allowed 
to soak for some time in pure nat«r. Small pieces may then be 
removed aud transferred to gljoerine, in which fluid they may be 
preserved pcrmaueutly after having been allowed to soak for 
some time. Bome of the most beautiful vegetable preparations 
which I have seen have been mounted in glycerine. The mixture 
of gelatine aud glycerine (§ lOtj) and the gum of glycerine (| 107) 
will also be found good media for mounting many vegetable 
structures, and chloride of calcium forms a usefiil preservative 
Uuid in many instances. Creosote fluid, carhaUc acid water, 
very dilate spirit aud water, aud even simple distilled water will 
preserve some vegetable tissues for a great length of time. The 
pith of the stem of various plants, the cpidennis. Atid many other 
vegetable ti^ues may be preserved as dry objects very satis- 
Cactorily. 

164. ■V'iv»TU. — Vegetable structures and animals of various 
kinds may be kept for microscopical examination in small glass 
jarsaud under gloss shades, which are uow to lie purchased at the 
glass shops in every part of London. DifTercnt forms are repre- 
sented in Plate XXXIII, Fig. 140. 
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'hig reeinotiB nb- 
stance has long been a favourite medium for the preservation of 
mioroBOopicul Bpccimeiis, on aoooiuit of its penetrating uid 
highly lelractiiig powers. Turpentine poBMBees vcrj dmilar 
properties, but from being a limpid fluid, it is &r less useful thui 
Cftuadit balsam. All preparntinna to be mounted in Canad* 
tuUsiim must l>e tiioroughly dried tirsi The deciecntion mnst be 
effected by a, temperature of not more than from 1(H) t« 90O 
degreea. For the purpose of drjring tissues, we may employ tho 
water-hnth alluded to iii § 73, or we may pboe the speoiman 
nndei a. bdl-jar close to a basin of strong sulphuric acid or 
chloride of calcium, which substances have the power of alMorbing 
moisture in an eminent degree. Many textures in jiruoeflS of 
drying include a number of air-bubbles in their interstices, HDct 
it is often very difficult to remove these. To effect this object) 
the preparation may be allowed to soak some time in turpenUl 
and the removal of the air is often much facilitated b^* 
application of a gentle heat. If the air cauuot 
this maimer, the preparation immereed in turpwitine,*!! 
placed under the receiver of an air pump. Aa the pro 
removed the air rises to the surface and the fluid rusliee in to 
supply its plooc A convenient and simple form of air pump IS 
represented in Plate XS.1V, Fig. 160. 

When the Bpeciineu has been thoroughly dried, and tlMJ 
removed, it uiaj be slightly moistened with turpeutiue beEti 
is placed in ttie bali,aro. 

OH is on advantageous highly refracting medium for ex&tu! 
oertaiD structures in. The entozua which may often be obtuned 
from the oily sebaceous matter squeezed from the follicles of the 
skin of the nose or scalp should be immcraed in oil (Plate XKXII, 
Fig. 145). They con generally be found in the wax from the 

In mounting a thin section of bone in Canada balsam, tha 
following steps are tiiken ; the glass slide having been warmed 
upon the brass plate, a eoialt quantity of Canada balsam is 
removed upon the end of u piece of irou wire. By gently warming 
it, it beoomes perfectly fluid, and may be allowed to drop in its 
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proper place upon the glass slide. Or the metal pot containing 
the Canada baUani majr itself be warmed, and a drop of the fluid 
balsam placed upon the slide. The preparation is now taken 
with a needle and placed in the drop of baUam, to that it maf 
be thoroughly wetted by it in every part. Upon the surface of 
the baUani, a few air-bubbles may be observed, and by moving 
the glide from side to side, with a slight rotatory movement 
while the balsam is quite fluid, the bubbles may be seen to collect 
in one s|K>t upon the aurfooo. They may be made to burst by 
the application of a warm needle, or completely removed by 
touchiuf; them with a cold wire to which the balsam including 
them will adhere. All bubbles having been removed, the 
thin glasf, which has been perfectly cleaned and slightly warmed 
on the brass plate, is taken in a pair of forceps, — and gently 
allowing one side of it to come in contact with the balsam, — is 
permitted to fall very slowly upon the specimen, in such a 
manner that the balsam gradually wets the thin glass, without 
including ulr-bubbles. It is then pressed down slightly with a 
needle, and the slide placed in a warm place. The super- 
abundant balsam may be scraped away, and the preparation when 
cold, cleaned with a little turpentine, and a soft cloth, or piece 
of wash-leather. 

The feet and hard parts of the fly and other insects, and 
the ova of small insects may be mounted in Canada balsam. 
The sheila and hard parte of the covering of many of the 
lower animals, the palates of various mollusks, such as the 
limpet, and many freeh-water species, the coriaceous oovcrings of 
inserts, their anteniite, stings, eyes, feet, wings, and scales of 
their wings, the tracheie penetrating every part of their organiam 
with their spiracles or eiitemal openings, and in some cases the 
entire insects themselves, the scales of fishes, sections of bone, 
teeth, horn, hoofs, claws, nails, specimens of various kinds of 
hair, are examples of objects derived from the animal kingdom 
which may be mounted in this manuer. 

les. Sxaminatloii of Hard Tlaaaea,~~Bone may be made to 
present very different characters in Canada balsam, according to 

the manner iu which it in mounted. Thus, in every part of one 
specimen, small black spots of irregular shape may be seen. 
From these a numlier of minute dark lines radiate, and inosculate 
pretty freely with corresponding lines from other spots. 
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In Miotber do such appearance jaay be obeerrKUe, 
entire tection may appear clear, mid iU Btniclure uaarlj' 
throughout. The first appearancu is prudaued {>j mmmtiDgi 
section in old viscid balsam ; the second bj Us immenioii ia f 
balSMD, after haviog been previously wetted with turpentine. 

The cause of these diSerecices is interesting and worthj of 
attentive study. The little black spots (lacuuK) mid dork litiM 
(oanaliculi) were originally conndercd to be small Buiid bodies 
and the spots were improperly termed 6ont earpiudit. In truth, 
they consist of little cavities in the bonj tisane, containing tix. 
In the second specimen the highly refractiug oil of turpentina 
has passed up tho canaliculi and entered the laounse, tiiiis 
rendering them invisible. These cavities, in the fresh bcnu^ 
contain nume(» of germinal matter or "nuclei," but when tJui 
bone becomes dry, this moist material dries up, and air ruabes 
into thn kcunai and canaliculi to supply Its place. The grieat 
difference between the refracting power of the air contained in 
these little cavities, and the osseuus tissue in which they are 
contained, gives rise to their dark appearance. 

The genera] description given of the structure of bone ^pliea 
only to the dead and dried tissue. 



187. Ajr Babbles in water have a very wide dAri 
indeed, small air bubbles take the form of round bluk 
This appearance is very characteristic, and every observer 
to be thoroughly familiar with it. Air bubbles of 
are represented in Plate SXXVI, Fig. 161. 
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lea. oil Oloboles also present a peculiar and well 
appearance. The outline is sliarp, and dark, and wel 
but not nearly so wide as that of the air bubble, bet 
difference of the refractive power between the oil and the fluid,' 
although very great, ia much less than that which exists betweeD 
the air and the fluid medium which oontains it. Every ona 
should compare carefully air bubbles with oil globules under tii« 
microscope. Oil globules within cells and free oil globuln UB 
seen in Plate XXXTI, Figs. 162, 166, oil globules of various mat, 
as seen in milk, in Pigs. l'J3, 164. Bvery obaerver should be 
fomiliar with the microscopical appearance of oil globules of 
different kinds. Certain kinds of fatty matter contain inu<^ 
crystalline &t, as etearine or marguin, which oryBtftlliMB 
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spoiitaneously from the more oily fatty matterB. And by the 
action of acids and other agents, mnny fats are decomposed, and 
the crystalline fatty acids are set free. Crystals of fivta and fatty 
acide, are reptesented in Plate XXXVI, Figa, 108, IBS), 17U. 

189. Blood OorpTMcloB or globules from the human subject, 
are represented in Plate XXXVI, Fig. IBS. Their general cha- 
racters, and especially their odour and refractive power, shoiild be 
contrmted with oil globules of different kinds, air bubbles, and 
fungi — particles of oomnion mildew or yca«t {Fig. 167) for 
ioBtauce. The student should carefully examine specimens of 
tbeee bodies. Blood corpuscles are readily obtained by pricking 
the finger. A very thin stratum of the fluid is alone required. 
The bkiod corpuscles of various animals should also be carefully 
eiamiued, especially those of the frog, of some fish, and bird. 

170. PnnBi. — The sporules of some fun^ very closely resemble 
blood orpusclea, and have been mistaken fur hlood corpuscles. 
The cummoji yeast fungus, in dtfi'erent stages of growth, is re- 
presented in Plate XX XVI, Fig. 107. Sen also my " AtrAivei," 
VuL II, p. 49. 
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B Sepaeatios of Dkpositb fbok Fluids. 



[ In order to aaoertain the nature of a deposit suspended in a 
fluid, there are two or three important but very simple procesees 
to be home in mind. The first object is tu separate the deposit 
03 much aa possible from the surrounding fluid, to collect it into 
a smtLll space. DitTiised as it often is through a large bulk of 
fluid, the oliaerver would scarcely be surprised if ho failed to And 
what be was looking for when u drop of the Quid was placed 
under the microscope. 

171. Conical QU«>es. — In order to collect the deposit for 
microscopical examination, the fluid is placed iu a conical glass, 
the lower portion of which is narrow, but which at the same time 
does not terminate in a point but iu a slightly- rounded cxtremitj'. 
After stiinding for some bouTB, the deposit falls to ihe narrow 
portion of the glass, and may he removed with the pipette. A 
useful form of conical glass is represeuted in Plate XXXVII, 
Fig. 171. 
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■fpBtJ ta tta oner cxtmaity. Cm point ia i»eit ^VBgEd 
b—t»lti Uic mr&m of the Bnid uird etrtiei dova bi tbe depatit, 
m portion of >lticli will nari) ap the tab« H tbe pr«aau« of tbB 
Snger vpoB the upper eilicMi^ be ili^tlj dfauouhed. Tim 
dipMit Ittff BS tatemi the tnlie, tbe prenore ■ re-applied, and 
tW difMstt coataiaed lo the pipette on be remored btiiii tlM 
IbU IPIg. 171). 

174. ■•Miatian ef Deposit wksa tbit Samll la Qmrnaatkr- 
— ^Vlwr* the depcait u eiMcdinglr mall in qiunUtf, and 
diffbaed through > great balk of fluid, a alight modifiotian of 
tbe abore plan mtut be resorted to. The pipette cvniainiag M 
nmoh of Uie depoeit as can be obtained, u removed from lllB 
glaee vessel cuntaining the fluid. It« contents are prevented 
bom eecajiing bj the ■pplication of tbe Soger to its luwcr ofifieiL 
Tbo upper extremitj a then occluded vitb a small oork. 
Upon now removing the finger from tbe I'lwer orifice, of ooona 
no fluid will escape. The pipette is allowed to staad with ite 
month downwards upon the glass slide, in which podtion it nu^ 
be permitted Ui rtuuMn some hours, cither being suspended irith 
a string or allowed to lean against some upright object. It u 
obvious thsC under these circumstances the meet minute deposit 
contained in the fluid will gravitate to its lower part, and b* 
received upon the slide, without tbe escape of much uf tbe flirid. 
Or the seditoent, having been allowed to subeide in a ooniosl 
ghtm, may be poured into a vcrjr oarrow test tube. Upon a glan 
dide being applied to the open end, the tube maj be inverted, 
and the deposit will gradually be deposited upon the slide. 1h» 
arrangement will be understood by reference lu Fig. 17^ 

According to either of tbe above nietbuda any iiuotuble mb- 
stancca difluscd thtuugb fluids can be easily cuUvcted fur tbe 
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purposM of eiamiuatioa. In collecting shylli of the difttomacCfB 
for microscopical examinatioo they are ofceu diffused through a 
oonsidenible qumitit}' of water, allowed to suhside, and obtained 
in the manner above deecribed 

SilioeouB sheila of cenaln diatoms are represented in Plate 
XXXIT, Figs. 153. 153, 154. 1.56. There is much difference of 
opinion as to the cause of the tnarkinga in many of tbeee. 
Mr. Hunt eonsidcra the dots on pleurosigma rcpreeeiited in 
Fig. 163, as elevations not depressiunB (" Mk. Journ" VoL III, 
p. 178). 

ITS, Examination of IJifaaoTla, tto. — SuppoBO the student 
deeiieB U> submit Bomc of the animalcules In water to micro- 
Bcopical examination, he wonid proceed us fullona. A drop of 
the water must be removed with a pipette, or upon a glass rod, 
or with the finger, and pliiccd upon the glass slide. A In-istle or 
tllin piece of paper is placed in such a position as to pi'event the 
thin glass from coming into too close contact irith the slide ; or 
the drop ma; lie placed iu a Brunswick black, or thin glass cell ; 
or the animalcule cage previoUBly described (flatu XXXV, Fig. 
IG7, Plate XI, Fig. 32) ma; be used with advantage. By the 
latter instrument the larger infusoria may be kept still in a 
particular position for the purposes of eiominaUun. 

176. VortlcellB and Botlfsrs, or wheel-animalculM, may often 
be obtained by placing a small piece of a plant which hns been 
allowed to remain in the same water for some time, with a drop 
of the fluid, in a glass cell, observing the precautions before 
alluded to (§ 169). These organisma are often (band attached 
to the edges of the plant in considerable number. 

177. SSoophytea. — Preah'Water and marine Zoophytes, too 
large to be placed in the small cells, may !« examined in Sat 
watch glasses, or iu one of tlie larger cells alluded to in § 133. 

These mny be examined with low powers (two inch, one inoh) 
without any thin glass cover, but where the higher powen are 
employed a piece of thin glass must be apphed in such a manner 
as to cover that part of the vessel in which the animals are 
situated, without preventing a certain proportion of the fluid 
from being exposed to the air : for if exposure to the air were 
prevented, the auimale would soon exhaust all that dissolved is 
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Clie small tjoantitj of water iu which thej were imprigonrf, 1 
die of BUlTocntion. 

178. On SeparatiiiK the Ooarae from the Fioer PaitlCltM 
t. Deposit. — Man; deposits, bj being difiu«(.>(l through ft 1 
quanti(7 of water, ma; be divided into Bcverxl portions. 
fluid, with substances suspended in it, \b well stirred, mid, ail 
being allowed to stojid for a very short time, oU but the At 
is poured oS into another reaieL Id this the fluid is ■ 
allowed to stand for a short time kud again poured off. 
proocot maj be repeated several times, la the lirst ghui, m 
the cuarter particles will be found ; in the second, slightlf G 
IMrticles ; in the third, still finer ones, and so on ; a longer petit 
being allowed for the subsidence in each aucces^ve case. 

The coarse particles tnaj also often be separated from G 
ones bj straining the deposit through muslin. Various pre 
vative solutions, which 1 have already described, are applical) 
for preserving deposits from fluids. Man]', again, aaj 
mounted in Cauada balsam. 

J79. Hettiod of obtaining the BOioeoiu SkalBtotu cf Low 
Orcanlama. — The siliceous remains of the diatomacete maj I 
separated from guano and other deposits as follows. TI 
organic matter and carbonate and phosphate ma; be r 
b; boiling in nitric acid, and the lemaiuing deposit diffusi 
through water aud collected as before described, but I t 
prefer to destroy the organic matter by burning the deposit i 
a platinum basin, and allowing it to remain for some hours i 
a red heat until the block carbonaceous natter has burnt a 
leaving a pure white ash. The phosphates and carbonates ma 
be removed with dilute nitric acid, and the deposit washed. 1 
this way the shells are not so liable to be broken as theyaiewhe 
the deposit is boiled for some time in strong acid. 

ISO. Waali-bottle. — In many operations the wash-bottle uM 
by chemists is of great use, as by it a stream of water of an 
required degree of force can be easily directed to any partiouli 
point, either for the purpose of washing away foreign particle 
or for removing part of the deposit itself. The waeb-bottU : 
also of great use iu preparing sections of soft tissues for oT 
tion. It is made by inserting a oork into an ordinary lialtpk 
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bottle. Through the cork pass two tubes, bent at the proper 
angle. The longest teraiinateB in a capiUar; oriflce, while itB 
other eitrcmitj rescbes dovD to the bottom of the bottle. The 
ghurttir tube reuches only lo the lower part of the cork (Plate 
XXXVII, Fig. 173). By blowing through the shorter tube, air 
is made to press upon the surface of the water, which b IhuB 
driven up the longer tube and out at its ospillarj orifice. 

The observer will also require a stock of intall tuhe», about two 
inches in length and a quarter (if an inch in diameter, and 
several Bmall ictiich i/latsfji, of different tixea. 

IBl. Of EeeptnK PrepajratlODB In the Oa'bEnet. — Prep^Lratioos 
tnountod iu the dry way, or iii Canada balsam, may be kept 
upright, arranged iu grooves, but all preparations mounted in. 
fluid must be allowed to He perfectly flat, otherwise thcro will be 
great danger of leakage. Cabinets holdiug several hundred 
speoimens arranged in this manner may now be purchased of the 
I inioroBoopc makers fur a very stnall aum, but if the observer is only 
provided with deep drawers, they may be made available t>i the 
purpose, by having a number of ghollow tmys made to lit them 
Boeurately. Each preparation should be named as soon as it is 
put up, and it is cooveuieut to keep a number of small gummed 
labels always at hand for this purpose. Onoe or twice iu the year 
a new layer of Brunswick black should be applied, and the 
Bpedmena carefully exomiued to see that no leakage has 
occurred. 
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CHAPTEK Vn. 

Op Irjecthth. — Natural and Artificial Injeetiont — Trana- 
parent and Opaque Injeeiiona — Inatrumenti rvquimd for 
maJnng Injection* — Syringe, Pipet, btap-focks, Jtull't-note 
Mraept, J^ce-dlo for patting the Thread rmtnd the Vexsel. 
Op Opaque Isjeotionh. — Injecting Vans— Sixe~ Colour- 
ing Maltert — Vermilion — Vhromate of' Lead — White 
Lead — Size of the Particles of the Colouring Matter v*ed. 
Op TbahsipaBknt Inj^otionb. — Injecting viith Plain 
Size — Colouring Hatlera—Oerlaeh'e Carmine InjecHnff 
Fhiid.-^AdtianlagM of emploging Priunan lilue — Com- 
porifion iff the Prua»ian Blue I laid for making Traiu- 
par&nt Injections — On injecting di^ereni Sgaleme of Veueh 
with Opaque and Trantparent Injectiom — Acid Carmine 
Sluid — Mercurial Injections. Ikjkctimo tub Lowkb 
Animals .^i/o;/u»en — Insect*. Of the PHACTirAL Opk- 
BATION u¥ Injectioh. — Of Injecting the Duett and 
Secreting FolUclea of Oland* — Of preparing Portions of 
Injected Prepvroliontfor Microtcopieal Examination. 



Tbs aTTangeratnit of the minute vessels or capillciriea dia- 
tributed to various textoces is not to be demouBtrat«<i in all 
instances by the usual Diethuds of iuvestigatiuu, iu cousequence 
of the tniDBparenc; of the walls of the tubesL Indeed, in an 
ordiuar; examination of a tissue in the misoroscope, one often 
fiuls to detect the least trace of anf structure which would be 
regarded as cousistitig of distinct tubes or vessels. Some autho- 
rities even jet maintain the opinioa, that the capillaries are to 
I be looked upon in the light of mere channels in the interstices of 
the tissues, rather than as tubes, with their own proper walls. 
If this opinion were correct we sliould hardly expect to meet 
with the perfectly circular Dutline which the section of au 
bgected capillary vessel fre<4uent]y presents ; nor should we be 
ftble to obtain capillAries isolated from other tissues. 
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pBhry vrmeit rctnun turgid wixh Mood tha the ieUh 
aninaJ. anil a rtatvral iajeelion rasnlU. Katun] 
bvtrever, are actidfDtal and oaanot he obtaiaed in I 
vrerji texture. In order, therefore, to isTertigale tfa 
ment <it the reaaeta, it u ocrenwTj to resort to (be 
artifiaal injtftutn, which conuit* Btmplj of fbrriug into a nMlt 
of cuu reiilebt liie a certain q>lanlitj of ooloared tnaterial, whtebi 
afUrr t>aMiug al^og the litge trunk, sball peoetnte into tba 
■mallest veMela and even return bj the veins. The ooloaiiag 
matter empl'ijed mar be op/ujiu or trantparent. In the fint eaatt 
the injected preparation can only be eiamined \ij rtfiteud ligit 
M an ojiaiiue objict (f. ^i, while transpareol injectioiu tnay be 
mibjccted to exaniinalion either hj the aid of traiumitud l^ht 
({ 3(>), or b^ rtfitcteti ligkt. Bumplea nf opaque and tranapareot 
inJedionB in which different lubeCances have been eraptoyed u 
colouring mattere, can be purchased at all the raiernecope makets, 
but cTery rtudent is recommended to prepare injected prepus- 
tioDfl himjffilf,* 

188. Inrtrnmenta required for »*«Hxg Injeotiona. — The dif- 
ferent inatruments required for making artificial injections are 
the following : — An injecting lyriiuje, of about the capacity of one 
ounce or even half an ounce (Plate XXXVIII, Fig. 184). The 
piitonof the injectinggjringe should be covered with two pieces of 
leather, which may be veryeaeily reuioved and replaced {Fig- 379). 
The tirst piece, a, is applied and screwed duwn with a bran 
button, h. The piston is then passed down the tube and forced 
out at the lower opening. The second piece of leather, e, is th«i 
put on, and fixed in its place with another button, e. In the 
syringes uow mude for me by Mr. Matthews, the piston oonsista 
entirely of metal. I have found syringes of this description 
work exceedingly well, and the necessity for re-leatheiing ia 
obviated, but thej are nither expensive. 

I'ipt*, of dificrent sizes, to insert into the vessels (Fig. 182). 
The tubes of the smaller pipes should be made of silver. 

Cwiji, of the form represented in Fig. 177, for the purpose of 

■ Hcwt bMntifnl iaJKitinna am madebv Mr. Ilett,Mr. Bainn, Ur. Nor- 
man, Ur. Wol.^ nl Iiinnin(-i- —■' '-'■-•• -' Li— ■ — k- 

tiurchoHKl of Ur. Mnlthans, 




<!» Inr cImuif an open ttucl in pteml Ute umpi nf ihe injceiion. yig. 179. Sliooi 
nuiuuu Id wliwh Ike bMod of tEi ijiinir ii niidc. a, e, nimt of lulKir. tit. ]sa 
iBjHUn* en (U kBtira tUf. It miiy ilw be iiieU u a itaUi ULh (or dr}iu|, oMocU, or ' 
fw Madanini tnfonSm. Fl|[. lei. FurDnning Ihe ci]ienillaii of ltt)ertioj(. fig. lal. 
6U|iCMk*ului]eeuiKpipc.wIiirh nion Utbeitnnie, )^t.lS3, NanileftiriiualiiiUinaa 
iHiidaTnHl, UiBBDlHul Of wliich H lo bt tied Oil in inTectiDE D^, Fie.lM. H^nire 
tar lijMiiBg mull uliiiilii, ke. 
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plugging the pipca while the syringe is l>«ing filled with injecting 
fluid, A slopQock (Fig. 162), ia sIbu useful for the same purpose. 

Foretpt, of the form ehown in Fig. 17B, whiuh are Vnown to 
surgical instrument makers as hiMt note fortxpt, fur stopplug up 
an; vc9»eU through wliich the injection maj escape accidentaltjr. 

A l/teiile, of the foiin of the aneurism ruedU used by surgeons, 
for pasaing the thread round the veusol to tie it to the pipe which 
is inserted into it (Fig. 1S3), Thia needle may be made of an 
ordinary darning needle which has heen oarefiill; tent round 
ftfter having been heated in the flame of a lamp. The lArtad 
-which ia uaed should he strong but not too thin, as there would 
be danger^ its cutting through the coats uf the vessel 



0? OPAqcB IsjEOTiosa. 

Although, aa a means of malting out new points in the structure 
of living beings, I feel sure that the old system of injection is 
nselesB— as some may desire to prepare speciinens, I leave the 
directions for making these injections in this edition. The 
observer must, however, not suppose that he will be able to add to 
our knowledge, however great an adept be may he at this difficult 
pr^ess. To make a perfect vermilion injection, requires skill 
that any one may be proud to possess, but all that was to he 
made out by the process has probably been discovered already. 

184. Injecting Cans. — Size or gelatine ia used as the 
material in which the coloring mattor is suspended. It muBtbe 
melted in a water-bath and strained immediately before use. 
The copper injecting can forms a very convenient arrangement 
for melting the gelatine. There are five cans in the bath, seen 
ill Fig. 180, Plato XXXYIII, so that injection may l>e very con- 
veniently transferred from one into the other, while all may be 
kept warm over an ordinary bmp. 

180. The Sise should be of such a strength as to form a 
tolerably firm jelly on cooling. If gelatine is employed it must 
bo soaked for some hours in cold water before it is warmed. 
About an ounce of gelatine to a pint of water will l>e sufficiently ' 
strong, but in very hot weather it is necessary to add a httle 
more gelatine. It must be soaked in part of the cold water until 



it Bwells up and becdmee soft, when the rest of the water, nude 
hot, h to be added. Good gelatiue for injecting purposes mxj 
be obtained for two ahillinga a pound. 

IBS. Oolorine Mattara. — The most umial Coloring tnattera em- 
plojed for making opaque injections are the following— VermUion, 
Chronude of Lead, and While Lead. Of these, vermilion affords 
the most beautiful preparations, but chromate of lead properW 
prepared in much cheaper, and it maj ba obtained in a state of 
more minute division. White lead forma a good coloring matter, 
but its densil;, and its tendeuc; to become brown when exposed 
to the action of sulphuretted hydrogen, formed In the deoompoei* 
tion of the tissues, are objections to its use. 

187. VermUioD of sufficiently good quality can be purchased 
of all artists' culornien for six or eight shillings a pound. If 
upon microscopical examination a Dumber of very coarse particles 
be found in the vermilion, it will be necessary to separate these 
by waging in water in the manner described in % ITS, 

188. The Chromate of Iisad is prepared by mixing cold 
saturated solutions of acotato of lead and bichromate of potash. 
The yellow precipitate is allowed to settle, and after pouring off 
the clear solution of acetate of potash resulting from the 
decomposition, it is shaken up with water, again allowed to 
aettlo and milted with strong size or gelatine. After being 
■trained through muslin the mixture may be injected into the 
vceselc 

180. Tba OkTbonkte of Lead or White I>ead is prepared by 
> Huxing saturated solutions of acetate of lead and carbonate of 
I •odft. The precipitate is to be treated as the former one and 
f nixed with size. 

There should always be plenty of coloring matter in the siza, 
■ . otiltfrwiso the vessels do not appear to be uniformly filled, and it 
I il batter to employ a small syringe rather than a large one, as 
,fliara is Dot su much chance of the i^uluring matter oeparating 
D tb4 site b«fur« the mixture is foruu'd into the vessels. In 
gll ouea the colouring matter ig to he well luixcd with the site, 
pjti the mixture atraiued through tuudin immediately befon 
use. 
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Coluurioff matter used lot injecting, showing tlie comparative size of the particles, a. Precipitated 
rhalk purchased in a dry state, h. Chalk recently precipitated, c. 'Whitening, d. Prussian 
blue, .18 purchased. €. Keccntlv precipitated Prussian blue. f. Freshly prcci|>itated cnrbonate 
ofleud. g. l>ried cariionate of lead. k. Freshly precipitated biniodide of niercurv. i. Dried 
liiniwlide of mercury, k. Indigo. /. Verniiliou, as purchased, w. Levigated vermilion. 
/>. Pure carmine, h. Dried chromate of lead. r. Freshly precipitated chromale of lead 
(hot solutions of bichromate of potash and acetate of lead), o. Freshly precipitated chromate 
of lead (cold solutions), q. Lamp black, x 215. 



[To face page 110.^ 
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190. SiBB of the particleB of tha Coloring matter iu«d.-> 
The giae of the uttimat* particles of the diflerent Bubstances 
emploTDil in making opaque injections is reprewnted in Plate 
XXXIJt, Mid if the different figures be compared vith cineanother, 
it will be observed that those coloring matters which have been 
reoentl)' prepared are in a much mure uiinute state of division 
than thwe which havL- been kept for some time. The appearanoeB 
represented were obtained by eiamination with a power of 
SIS diajnetere. 

Opaque injections are represented in Plate Sh, Figs. 186, 187, 
the latter being an iiyection of capillary TeBsela. 



Op TsAnsPABEifT Injections. 



191. Advanta^B of Transparent Injoationa. — For many 
years 1 have abandoned the old plan of making injected prepa- 
Tatione in favour of such transparent injecting fluids as are 
misoible with water in all proportions, which l>esideB the coloring 
matter contain solutions which eiort a preservative action upon 
the tisBiie with which they come in contact, or a special influence 
in rendering certain elements of the tissue more transparent or 
Opaque. By this new plan of ii^ection most important advantages 
are gained. 

1. The vessels are injected with coloring matter. 

5. The tissues are preserved from deoumposition or change by 
the action of tlie fluids of the body which are washed out by the 

3. Certain tissues may be rendei-ed more distinct. 

4. Every structural element of the tissue can be seen as well as 
the vessels. 

6. TisBues prepared by this process can be subjected to 
examiuation, by powers magnifying more than S,OUO dinineters. 

6, All tisBUes may be mounted in aqueous preservative solu- 
tions, atid the most delicate structures are retaiued in their 
integrity. 

7. By this process of injection aloue can the alteration of the 
most delicate tissues, which occurs very soon after death, bo pre- 
vented. 

■^ It will be seen that several important principles are involved 
^^B in this new process, which will be more fully enunciated in 
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exXiovMl Vj tiie Tfdf m wmtfituij Imk. I «c«U 
orjpt tbM aJJ tbaa k to be h ana ^r bm^ modfli d 
Loi* iJr«*idT bwii knt. aad tkst for imr ain 
it i* ^W^l'juJT iiiuMiij thax tbe tisoe be 
■»lef:r'^Ui;r poit BMrtcB dbiage. aad tbit ii be 
rt*<v/ 4jr*Mr«e# /LwOm, Vryiag the 
aad tb«; 'AJr iiar>i« «/ prqwataon bj vludi iajteted 
\jk «ub)wt^ v> ^rrtmiftatiwi bj tbe bi^iot poven. aad hf 
aJJ tb« ieven] utroctarei CBtcmi; into tfaeir co— poritwai 
di«f;biT«d in tbe Moie ijiu lawn, is tbat wbicb I aa 
in or/bjuucti'Aj vitb tbe fitaining proceai deaciibed h 
lu '^rdfrr t// ini^ct tbe r*smeU for ezaminaiioD br 
]i;rfjt ht:v*:nk\ ^iiflvr^iux fu^^staiDoec mar. however, be Gj«<d 
'iuj*:c\'\n]i f3'j:o«s : but if it if desired t/^ stTidr iLe tisf'j» a$ i 
aa the ArrAU'/*:mHui of the vecMrU. the points joft adveriied 
uj>i«t lie ly^nie iu miud. 







193. Injection with Plain 8iae.— A tissue whicli has been 
iuyrcU:*! with jthklu Fize. when cold i& of a good o.^nsiftesoe- f:<r 
ohiaiuni'/ thin i>ectioijB. and manj impr^rtaut p.*ini5 maj be 
leanj':d frorii a Kpecinjen prejjared in thi^ manner which w^^uld 
not \m: detected by other modes of preparation, A mixture ct 
e^jiial f^rtf< of gelatine and glycerine is. however, much Vj be 
prefernrd for this purpose, and the specimen thus prepared is 
fiure Vj keep well. Very thin sections of spongy tissues like tbe 
lung may \fC made after injection with strong gelatine. 

104. Coloring Xatters tor Tranaparent lAjectiona. — Tbe 
chief c^iloring matters used for making transparent injections 
are cormiue and I'mwian blu€. The former may be prepared by 
abiding a little B<jlution of ammonia (liquor ammoniac) to tbe 
carmine, and diluting the mixture until the proper colour is 
obtained, or it may be diluted with size. The latter by adding a 
persalt of iron to a solution of ferrocyanide of potassium. 



196. G^lach'a Oannina Znjeotinff Fluid. — ^Prof. Qerlach waa 
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K'^ firat who Died a carmiDe injecting fluid. The beniitifiU 

le iiyectionB now made in Germany are prepurud with this 
<i a slight mudificfition of it. I take the reovipt from the 
jllent work of Dr. Frey (" Dot Miirotlop," 1863). 

Carmine 77 graiuB. 

Water 70graiuB. 

Liquor AmmoQifl) .... 6 drops. 

The carmine ia to be dissolved in the ammonia and water, and 

the solution ieft for some days exposed to the air, and Uieu mixed 

with pure gelatine, made by diasolviug a drachm and o-half of 

good gelatine iti a drachm and three quartcrB of water, Ijutlj, 

^K few drops of acetio acid are added to the mixture, which is 

Dt. Carter recommends the following carmine iajeotion (my 
**AnAiett," Vol III, page 288) ;— 

Fare Carmine 1 draohro. 

Idt). Ammon. fort. ... .2 drachms. 
Olacinl Acetic And .... 1 drachm 20 mininiB. 
Bolution of Oelatine (1 to 6 of water) . 2 ouuccb- 
Water 1 jounces. 

Dissolve the caimine in the solution of ammonia and water, nnd 
ftflter if necessarj'. To this add an ounce aud a half of the hot 
Biollititui of gelatine, and mix thoroughly. With the remaiuing 
tlulf ounce of gelatine solution mix the auctic acid, aud then drop 
fttus little by little icto the carmine sulutioii, stirriug briskly 
Ldtuing the whole time. 

190. Advantages of Bmployliig Fraulan Bine. — Th* 

/V'«*«"ii?"i'',/i'i"'confiigL8 of an insoluble precipitate, BO minutely 
divided, that it appears like a solution to the eye. The particles 
of freshly prepared Prussian blue are very much smaller than 
tliuae of any of the coloring matters employed for making opaque 
iujectiona. For many years I have employed Prussian blue as 
the injecting Suid, and according to my experience it possesses 
advantages over every other coloring matter. It ia ineipensire, 
^-maj Iw injected cold, — the preparation does not require to be 
■ 1 required, — it pcuetfales the CBpiUaries 
VwUhout the neceasity of applying much force,— it does nut run 
BlHttwhira a section ie made for exammntion,— neither do any 
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particles which maj escape from the larger vessels dividal'l 
makiag tlie sectiou. adhere to it nnd thus render the 
obwure, — a structure may be well injected with it in the c 
of a few minutea. Specimens prepared in this manner ma; b* 
preserved in any of the ordinary preservntive solutions, or may 
be dried and mounted in Canada halsaiu (but I give the pre- 
ference to glyctriue, § 100, or glycerine jelly, 5 106), and they miy 
bo examiiied with the highest magnifying powers. After having 
tried very many methods of making this preparation I havefoUDd 
the following one to succeed well. For very fine ii^jeotioDe tits 
mixture may be diluted by adding three ounces of glycerine. 

CompBuition. of the I'rusHan BliM Flaid for Making Tratuiparmt 
Injettiont : — 

Glycerine 

Wood nnphtiia, or pyroacetic spirit . 1^ drachma, 1 

Spirit of wine 1 oui 

Ferrocyanide of potassium . . . IS gr 
Tincture of sesquichloride of trim 1 dnt 

Water 3 oui 

The ferrocyanide of potassium is to be diMotvod ii 
of the glycerine, and the tinctnre of sestiuichloride of iron ■ 
to another ounae. These solutions should be mixed togethwfl 
gradually, and well shaken in a boUle. T/uj ir<m Iting a ' ' 
the tolitlion of (A* ferroci/aniile of poCattimia. When thorw 
mixed, these solutions should produce a dark blue miita 
which no precipitate or flocculi are observable. Next,1l 
naphtha is to be mixed with the spirit, and the water added xory 
gradually, the mixture being conetantly shakon in a \argfi 
stoppered bottle. The tincture of sesquichloride of iron is reoom- 
meiided because it can always be obtained of nearly autfenn 
strength. It is generally called the mariattd tincture of inns, 
and may alwaya be purchased of druggists. In oases in whieh k 
Teryfine injection is to be made for examination with the highest 
powers, half the quantity of iron and ferrocyanide of potassium 
may be need. 

Mr, Richardson recommends TumbuH's blue instead of Piuasaat) 
blue, Protosulphate of iron and ferroi'yanide of potassium vn 
the salts to be used. The mixture is made with glycerine upon 
the same principles as my own Huid. Mr. Richardeou states that 
the colour of the Tumbull's blue is brighter, and i 
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longer than is the case with the Pnissiau blue. The latter does 
not, however, loxe its colour if a little free acid ia present id tUe 
fluid in which the apecimen ia preserved. I have mauy specimena 
injected with I'ruasiAii blue, which have retained their colour 
perfectly for more than ten years. The advantage of the PrusHiaii 
blue over otiior fluids is, that the ingredients required to make 
it are very cheap, and ciiu be rendily obtnined everywhere. 
Capillaries iujected with Praseian blue fluid under high magni' 
fying powers are represented in Plates JLXVIII, XL. 

I would most earnestly recomnaend ail who are fund of injecting 
to employ transparent Injectionii, and to endeavour by trying 
various trunaparent coloring mattera, to discover several which 
nuy be employed for this purpose, for I feel sure that by the use 
of carefully prepared transparent injections, many new points in 
the anatomy of tissues will be made out. 

187. Of ImJftotliiB Dlflsrent Systems of Vaesels with dlffarent 
Opaque Injeatioos — It is often dcairalile to inject different 
Systems of vesai'la distributed to an organ with diflcreut colours, 
in order to ascertain the arrangement of each set of vessels and 
their relation to each other. A portion of the gall-bladder in 
which the veins have been ii\jected with white lead, and the 
arteries with vermilion, forms a beautiful preparation, Each 
artery, even to its smallest branches, is seen to be accompanittd 
by two small veins, one lyiiig oti either side uf it. A beautiful 
injection of the gall-bladder is represented in Plate XL, FJg. 1 96, 

In on injection of the liver, four g«ta of tubes may be injected 
as follows: — The artery with vermilion, the portal vein Mrith 
white lead, the duct nith Crussian blue, and the hepatic vein 
with lakc^ There are niauy opaque coloring matters which 
may be employed for double injectioos. 

196. Of InJeoUng DtfTerent Systems of Vsisela with Truis- 
paxent Injections — The transparent injecting fluids which may 
be used for double injections, must have the some reaction. Thus 
the Prussian blue fluid, and the carmine solution without 
gelatine, given below, may be used for this purpose ; but I have 
not yet been able to obtain other colours which answer so well aa 
ttie«e. Quod transparent yellow and green acid iujectiug fluids 
ffbicb might be used for double injections in casea in which the 
k Prussian blue fluid was employed, are much to be desired. 
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180. Aoid Oannlne Fluid. — After trjiiig a great Toimj £ 

CombiuatioM, I arrived at the folBowiiig, which answMi 
purpose excoediiiglj well : — 

Canninc r> gnuns. 

Qljcerine, with about eight or ten ) 

drops of acetic or hjdrochloric J- j oudc& 

Gljcerino 1 b 

Alcohol ...... 2 drachioSi 

Water 6 „ 

Ajnmnniii, a few drops. 

Mix the carmine with a. few drops of watfr, and when 
incorporated, add about five drops of K/uor amnwnits. To this 
dark red solution, about b^ilf an ounce of the glycerine ia to be 
added, and the wliute well Bhakeii in a bottle. Next, veij 
gradually, pour in the Boid glycerine, frequently shaking Uw 
bottle during admixture. Teat the mixture with blue litmtu 
paper, and if not of a very decidedly acid reaction, a few dropa 
more acid may be added to the remainder of the glycerine, and 
mixed as before. Lastly, mix the alcohol and water very gim- 
dually, shaking the bottle thoroughly after adding each succeamra 
portion, till the whole is mixed. This fluid, like the Pnusisa 
blue, may be kei>t ready prepared, and lujectioivs may be made 
with it very rapidly. 

BOO. Kenmrial Injactloiia are not much used for microsoopioBl 

purposes although mercury was much employed formerly for 
injecting lymphatic vessels and the ducta of glaudular organs. 
The pressure of the column of mercury supersedes the neeeasi^ 
of any other kiud of force for driving it into the Tcssela, Tba 
mercurial injecting apparatus consists of a glass tube, about luJf 
an inch in diameter and twelve inches in length, to one end of 
whiuli has been fitted a st^el screw to which a steel injecting 
pipe may he attached. The pipes aud stopcocks must be mad* 
of ateel, for otherwise they would be destroyed by the action of 
the mercury. 

atn. I&Jeotlng the Lower A al m ala— The vessels of Rshes an 
exceedingly tender, and require great caution iu filling them. 
It is often difficult or qiute imposeiblc to tie the pipe in the 
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vesBel of s fish. aii<i it wiU be geiierallj ftiiuid fl much eneior 
process to cut olf the biil of the fieh, and put the pipe into the 
divided veg«el which lies im mediate]}- beneath the spinal column. 
Ill this simple maaiier beautiful injections of fish niaj be made. 
In many oases, in which the vessels are too delicate tri be lied, 
a good injection may be made bj simpl; placing the pipe in the 
vessel. Aa the fluid is so cheap, a considerable loss is of no 
importauee. 

aOS. Mollumja.— (Slug, snail, oyster, 4c.), The tenuity of the 
vessels of the moUusca often renders it impossible to tie the pipe 
iu the usual manner. The capillaries are, however, usually very 
large, so that the injection runs very rettdily. In dilFerent parte 
of the bodies of these animals are numerous luciince or spaces, 
which communicate directly with the vessels. Now, if an open- 
ing he made through the integument of the muscular foot of the 
animal )aa the snnil), a pipe may be inserted, and thus the vessels 
may be injected from these lacunte with comparatdve fiicUity. 

803. Iiueots. — Injections of insects may be made by forcing 
the injection into the general abdominal cavity, whence it passes 
into the dorsal vessel and is afterwards distributed to the system. 
The superfluous injection is then washed away, and such ports 
of the body as may be required, removed fur examination. 



I 



The PttooEsa of Isjbctibo. 



204. Of the Practical Operation of Injecting. — It is generally 
•tftted that a successful injection cannot be made until the 
muscular rigidity which comes on shortly after death, and 
which offects the muscular lihres of the arteries as well as those 
of the muscles themselves, has passed olf ; but I have found that 
most perfect injections may l>c made before the muscles begin to 
contract, that is, within a few minutes after the death of the 
animal. All my fine injections have been made less than five 
minutes after death. 

The steps of the process of transparent injection are very 

rimilar to those taken in making the opaque injections, except 

^ that when size is employed, the specinieu must be placed in 

^L ■ mrm water until warm through, otherwise the size will solidily 
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Iqjvctmg flaM ID ft naiO Teasel. 

8a|ipiiM tbc itud«nt is ab^iut lu inject i 
made tkmugh the tkin, aad the 
line with ft pftir of atrrmg scinoi 
a^iftntol, and the hi«rt u exposed- ISext tiie i 
hcftrt iir containal (piTicftrdinin) is opened witii 
floiby part of the heart teized with the forceps ; 
if made near its lower part, and a considerable qiuiititf of blaAd 
Mcapei from the wound — thi« ia »a«hed aw&j carefnllf bji tba 
watli-bottle (f Mat). Iiitf. the opening— t}ie tip ■•! th« heart 
being ftill held firmly by the forceps, — a pipe is iusertad 
and directed npwardii towanli the Iioae of tlie heart to tb* 
point where the nrtery ia seen to be connected with ihe maacular 
tubstancc. Jit/ort lit pipt m itutrted, fuiieeper, a lixiU «f tki 
injtiiirv] fiuid U drawn up to at lofill il, for if this were not itOMt, 
the air cnntwiied in the pipe wonid necessarily be forced into ih^ 
TOMela, and tlie injection would fiiil. 

The {Kiint of the pipe can mth very little trouble he mads ia 
enter the artery. The needle with the thread is next oatrrieA 
round the vessel and the thread seized with forcepe. the needh 
unthreaded and withdrawu, or one end of the thread may ht 
held firmly, while the needle ia withdrawn over it in the opposite 
direction. The thread is now tied over the vessel, so as to 
include the tip of the pipe only, for if the pipe be tied too iar up 
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there is great duiger of its point pasaiiig through the delicate 
co&te of the veegel 

The noMile of the STtinge, which has been well washed in warm 
water before commencing, is now piiiugcd beneath the surface of 
the fluid, the pi8t<ii) moved up and down two or three times, 80 
as to force out the air completely, and the syringe filled with fluid. 
It is then connected with the pipe, which is flnnly held by the 
finger and thumb of the left hand, with a screwing moTenient, 
a little of the injection being first forced iuto the wide part of the 
pipe so as to prevent the possibititj of auy air being included. 

The pipe and syringe being still held with the left hand, the 
piston is slowly and gentlj forced down with a slightly Bcrewing 
movement with the right, care being taken not to distend the 
vessel so as to endanger rupture of its coats. The handle of the 
syringe is to be kt-pt uppermost, and the syringe should never be 
completely emptied, iu case of a little air remaining, which would 
thus be forced iuto the veieel (Fig. 161, Plate XSXTIII). The 
iujection is now observed running into the smaller vessels in 
different parts of the urganism. 

The student is recommended to practise the process by 
injecting the organs and animals in the order in which they are 
enumerated, and not to attenipt the second until he has enccceded 
with the first. In all cases the operation is to be conducted 
patiently, and very slight pressure ou the piston is to be exerted. 

1. Kidneys of sheep or pig. — Artery. 

5. Eye of ox. — Artery. — Two or three minutes will be time 
enough to make a complete injection. If the globe beotmes very 
much distended by the injecting process, an opening must be 
made in the cornea which will leave roon) for the injection and 
liermit the complete distengiou of the vessels, 

K| 3. Rot, mouse, (coe.—Irtjtaed/rorn l/it aorta. 

C 4. Portion of intestine. — Srimek of arteri/. All divided vessels 

^mng tied before commencing to inject. Plate XL, Fig. 189. 

6. IJver, Id one part, a firunoA of diut ; in a second, a tranch 
of arttrg i in a third, ^Mrtof vein; and in a fourth, hepatic vein. 
The portal and hepatic vein, the artery and portal or hepatic 
vein, or the duct and portal vein may be injected with injections 
of different colours in one part. 

206, Of tnJectliiK the Ducts of Qlanda. — The mudes of in- 
ctiug which have just been contiidcrcd, although applicable to 
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the injection of mteU, are not a4apt«d for iDJectUig tlw i 
and glandular stmcture of glanda ; fur as tlieae dneti a 
oontAiD D certain quaiilitj of the eecretioii, and a» almtfalj 
with cpithtlium, it follows that when we attempt to b 
into the duet, the epitheliam and Becretioa rauHt be i 
towardii the KCreting ttracture of the gland, which ia I 
effectuallv plugged up with a colorless material, and then i 
potailiilit; of inakiag out the arrangement of the pan*. In I 
a oaM! it is obviooEly luelesa-to introduoe an injecting fltdd^V 
the greatest force which could bo employed would be o 
to drive the cootents through the basement membrane 
only poasihie result of the attempt would be rupture of tba f 
wolU of the secreting structure and oitravaaation of the«( 
As I have before mentioned, partial succeEa has b«cn ( 
by employing mercury, but the preparations thus made ar« 4 
ad^>ted for microscopical observation. 

I had long felt very anxious to inject the ducts of the U*fl 
order to ascertain the manner in which they commeaoed ii 
lobule, and the precise relation which they bore tu the liver ij 
This has loug been a point of dispute among i 
observers, and many different and incompatible e 
been arrived at by different authorities. I 
point satisfactorily it was obviously necessary to inject the A 
to their minute ramifications, which no one, 
ascertain, had succeeded in doing tatia&ctorilj. After d 
minute ducts of the liver always oontain a little Ule. 
which can be employed is sufficient to force this bile throoghn 
basement membrane, for it wiU not permeate it 
When any attempt la made to inject the ducta, the epitheliuni 
and mucua, in their interior, form with the bile an insurmouat&ble 
barrier to the onward course of the injection. Hence it WU 
obviously necessary to remove the bile from the ducts before oob 
could hope to make a successful injection. It oociirreil to mflb 
that any accumulation of fluid in the smallest branches of Um 
portal vein or in the capillaries, must necessarily compress tfaa 
ducts and the secreting structure of the liver which Itll up tlie 
intervals between them. The result of such a pressure would bo 
to drive the bile towards the large ducts and to pronjote its 
escape. Tepid water was, therefore, injected into the portal vein. 
The liver became greatly disteudcd, and bile, with much ductal 
epithelium, flowed by drops from the divided extremity of Oi» 
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duct. The bile soon became thinner owing to its dilution witli 
wftter which permeutud the iDtervening membraue, and entereJ 
the ducts. These long oarrow hifthly tortuoue chauneU were 
thus eOectuallj washed out from the point where they com- 
nieiiced aa tubea not more thau l-3000tb of an inob in diameter, 
to their tenninatioti in the common duct, and much of the 
thick layer of epithelium lining their ieterior wa^ washed out At 
the same time. The water was removed by placing the liver in 
cloths with sponges uuder pressure for twenty-four hours or 
longer. All the vessels and the duct were then perfectly empty 
and iu a very favourable state for receiving ii^ection. The duet 
was first injected with a colored maloriaL Freshly precipitated 
chrowate of lead, white lend, venniiion, or other colouring 
matter may be used, but for many reasons to which I have 
[dluded, the Prussian blue injection is the one beat adapted for 
this purpose. It is the only material which furnishes good 
roBiills when the injected preparations are required to be 
submitted to high mugiiifyiug powers. Preparations injected iu 
ler should be examined as transparent objects.* They 
lUj be mounted in the ordinary preservative Quids or in Cauudu 
but glycerine forms the most stitiB&ctory medium for 
their preservation. 



a Tesaela. — It is very difficult to 
lymphatic vessel. When it is 

i usual to inject from the large 
I have however found that by 
ell, thu lymphatics and lacteab 
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And and insert a pipe into i 
desired to inject tliese tubes it i 
trunk of the thoracic duct. 
iiyecting water into the filat>il ve 



twcomc distended by the trausudulion of the fluid, and i. 
distended state it is easy to insert the pipe. The pipe having 
been tied in the vessel, the water is absorbed as described in 
f SOS, and the injection ma; then be forced in, care being taken 
to use very gradual pressure, so that the coatj of the vessels may 
he sufficiently stretched to allow the injection to pa«s between 
the valves, vsithoiU hting rvptured. In this way I have succeeded 
in injecting the vessels of even a part of one organ. (" Archieet" 

i7oL I., p. 113.) 
am 
•"( 
J«hn( 



907. Of PrepBjlnK Portlona of Injeoted PreporatloiiB I 



122 HOW TO VOBK 

BUoraMOTiloBl Examlsalicm. — When thin tiwaca, such us tbe 
miicoiie meiiibrn.ne of the mtostiues or other parte, have been 
injected, it is iiecessurj' lo lay them perrectlf flat, aud wuh tbe 
rouous ELDd epithelium from the free Burfnoe, either by furcing ft 
current of water from the woah-bottle, or by plncitig them lo 
water and brushing the stirface gently with a cnnierB hair bruah. 
Pieces of a convenient size mny then he removed and mooiited 
in solution of tiaphtha and creosote, in dilute alcohol, in gljoerind, 
or in gelatine and gljceriue. The moat imporlunt points in ftoy 
such injectioDB are shown if the preparntion be dried And 
mounted in Canada hoisatn. The specimen must, in the tint 
plaoe, be well washed and Boated upon a glass elide with • 
considerable quantity of water, which must be allowed to flow 
the slide very gradiiitUy. The spcoimen may then be allowed *» 
dry under a glass shade, in order that it may be protected 
duet. The drying should be effected at the ordinary t«mpenktnn 
of the ^r, but it is much expedited if a fiLallow basin filled witii 
Bulphuric acid be placed with it under the same bell jar. 

Of solid oi^ana, such as the liver and kidoey, thin sections tS 
well as portions from the surface should be preserved. Thin 
Eections may be made nith the ordinary scalpel or <nith Valentin's 
knife, if an extensive one be required. The surfaces of ths 
section should be well washed, and it may then be mount«d in. 
one of the methods previously described. 



SOB, Of the beat mode of DestroTins the Ufa of 
intended for Injection. — I ha.ve tried various plans of destroying 
the life of animals intended for minute injection, and hove fonnfi 
that in death by sudden shock the vessels remain 
State for a sufficient time after death to enalilc ns to complete tttfl 
injectiou. In some cases a good result is gained by deBtroytng 
life in an atmosphere of carbonic acid, but I find that tha 
sudden death produced by a fall from a height, dashing on Um 
ground, Ac, is the moat advautagcous. Any small a 
wrapped up in a cloth and dashed suddenly and with some foroa 
against the ground. Care must be taken to avoid rupturing 
uf the tissues by protecting the animal with several folds of the 
cloth. Swinging very rapidly through the air also destroys lib 
very mddeuly, without cau^ng sudden contraction of tbs 
muscles. 



I 
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Op tbx Astastaqeb op Cbbkicai. Kbaqekts is MicaoacoPicAi. 

^^L S09. or Chemloftl AakItbIb in BCloroscopicol laveKtigttioa. 

^^k — I have alre&d; referred to the influence which the refrac- 
^^^1 tive power of tlie medium in which any structure is tnuneraed 
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eserta upon it« appearance in the microaoope. We ha« n 
to discuss the advantages derived from the cbem 
of certain solulions upou various specimens. Thia part J 
the Bubjeut is most important, and ia perhaps of all I 
varioUB branohea of niioroscopical reaearoh, that from whi 
the greatest advantagea ma; be expected to result, It ti I 
inTeatigaitnu which will certainly reward all who > 
devote themselves to its study. It is certain that | 
changes will tuke place in our views of the naturo of a 
minute atriictures when ohwuioal analysis sliall be i 
tiiuatcly aasociated with uicroacopicEil iuquiry. Atthougltfl 
the oiicrusuope we can Bay that such t, texture ii 
fibruus, opaque, perfectly clear, &e., tie learn in such a 
tiou uothiug more of ita nature. Since these appearances 4 
manifeated by several different materials, it is Decessnry to n 
to a ohemical examiuation to discover the nature of the ai 
to which the niicroacopioal oharDctera are due. If the compiB 
tion of any body having well-di-fined microscopical oliam 
has been once niade out, bj resorting simply to mjoroacopl 
exowinatiun, we are enabled to recognise it whenever w 
with it afterwards. Some bodies always produce wcU'teci 
crystals when treated with a certain chemical recent, audi 
know that although there may be in nature other crystals 4 
different composition, but of precisely the same form, thes 
could not be produced under the aame circumstances aa 1 
former ; hence in such a case we may feel as confident of 1 
nature of the eulistance as if an ultimate analysis were made d 

Beaidcs the ordinary uses to which they are applied, chea 
reagents are useful in removing certoiu components of a etract 
which interfere with the examination of other constitaeDt^ 
altering the character of certun tissuee without dissolving ti 
na for instauce by increasing their trausparency or opacity, 
modifying the physical atructure of texturea in such a 
to render it more convenient to out sections or to perform 0I 
chemical operations necessary for the demonstration of t 
structure. 

Ily an acquaintance with the behaviour of certain aubsta 
with particular chemical reagents, and the application of f 
knowledge to microscopical iuveatigation, we are often e 
to dietinguiah peculiarities of atructure, to aacertain the chumtj 
composition of minute quantitiea of matter, and to demunsl] 
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clettrly the existence of oamponoda with tlie greatest certainty, 
whiuh would eotlrel; escape our observBtioii if we subjected them 
separately to the most (Mreful chemicaJ analysis, or tu the most 
Bearching microsccipiciU exominatiun. 

The application of chemical analyaia to microBCopical investiga' 
tioti, and the examination of crystalline forme in the microscope, 
has thrown a new light upon the nature of many phyHtological 
cIiungeB which are constanttj taking place iu living hodieii in 
health, and has enabled ug to investigate more satis factorilj the 
modi fi cations ithich these processes undergo when influenced by 
circumstances interfering with or counteriLctiug healthy actions. 



SIO. Inatancea of tlie TTae of IteaB«nta — As an instance of 
the great advantage of the application of a few simple testa to 
mioroscopiciil investigation, I may refer to the different effi^cta of 
ether upon fat globules [which are so commonly found in different 
tiHues) and crystalline bodies composed of phosphate or car- 
bonate of lime, which sometimes resemble them so nearly in 
re&aotive properties, iu form, and iu general appearance, as to 
have led to mistakes with reference to their nature. The appli- 
cation of a drop of ether has no effect whatever upon the latter, 
but instantly dissolves the former. Phosphate of lime is readily 
soluble iu dilute acids, while fat is not acted upon hy these 
reagents. Various insoluble saline materials not unfrequeutly 
prevent as from seeing the anatomical elements of which a tissue 
ia composed. A knowledge of the nature of Uiese often enables 
UB very easily to remove them. Supposing, for instance, the 
saline matter consists of carbonates or phosphates of lime or 
magnesia, we have only to add a drop of dilute acid whiab 
dissolves them completely. 

The action of acids and alkalies is often very valuable in 
rendering structures trnnsparent, which are too opaque for 
examination in the ordinary Btnte. If a portion of tendon, 
composed of white fibrous tissue (Plate XXVIII, Fig. 1 1-2), which 
b very opaquu iu its ordinary state, be immersed iu acetic acid, 
or in a dilute solution of potash or soda, it soon becumes clear 
and transparent, and if the operation be conducted with certain 
precautions, many of its original characters may be brought 
back by subsequently neutralizing the acid or alkali. 

The cell wall, or rather the outer port of the cell, which is 
in many cases too opaque to enable us to see the nucleus in the 
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interior may be m&Ae bj reageots perfectly traiieparent 4 

the line lens becomes distiuct and well deliiiei). 

miij bo easily elTecteil by either of the rengenta ntltu 

in the last puragmph. Albiiminoua textures geQerallf n 

be rendered very tmo«paretit by the action of acetio and,^ 

the addition of a drop vf dilute caustic potaeh vc soda. 



i MiCBOSCOPlOAL Ei 

Sll. PrelimiiiuT OperationB. — lu the first place ve shotdd 

note carefully the general char.ioters which the Eubstonce 
exhibits ; its form, colour, size, weight, harditeas, iic. ; and 
fluidity, transpuretiey, tenacity, ^c, iu the cose of liquids. 
Porliuos of solid textures, uid the deposit from fluids muit ba 
Bulyeoted to microscopical cxamiiiation, but their reaction should 
be always ascertained iu the first instanoe. 

213. BaaotloD. — The reaction of any moist substance is found 
out by testing it with a piece of blue, aud reddened, litmiM paper. 
If the mutter be dry, or the reaction of a vapour is tu be test«d, 
the paper must be first moistened with a drop of distilled water. 
The li/vt 2ift'tiu pa/tT is reddentd by aeidt, and the fwi paptrit 
turned blue by alkalies. The reddened litmus paper i» prepared 
by adding a very small ({uaulity of acetic acid tu the infusion of 
litmus into which it ia to be dipped. 

If an add rtaetioa is due to the presence of carbonic acid, tha 
blue colour will be restored upon gently warming the papar 
upou.a glass slide over a lamp, or upon a warm plate. 

An alkaline reaciinn may depeud upon the presence of witatilt 
or fix d tdkiili. The red colour is restored upon warming the 
paper which has been rendered blue by the presence of volatile 
alkali (ammouia or carbonate of ammonia), while it b not 
restored if tlie change U pioduced by the presence of a filed 
alkali (potash, soda, or their carbonates, or au alkaline phos- 
phate, kc). 

S13. On Fllterinc. — The process of filtration is one which the 
microBCDpist as well as the chemist frequently has to perfonn. 
To filter a depusit from a solution, in quantity, is easily eJTected by 
the use uf ordinary filtering paper, folded (Plate XLI, Fig. 190), 







VITH TQB UICBOSOOPJ!. 

and placed in a Bmall gkas fuunel (Fig. 101, Plnte SLI). But 
BometimeB wt (ind it ueoeautry iu niJcroBcopicul uialyeis, to iilter 
the deposit from a tingle drop of fluid. This maj be effected 
bj cutting a very narrow strip of filtering paper, and beuding 
it into B V form, upon one of tbe glass slides. The drop is 
made to pass betweeu tlic limbs of the V, aud upon inclining 
the Slide, utear fluid will gradually pass throu^^h the apei of 
tbe V, and can be conducted away to another port of tbe slide, 
by a very Gue gloss rod, where other tests may be applied. 

914. Evaporation aad Bnrlns. — The evaporatioa of fiuida, 
and the desiccation of organic aoiida, must always be conducted 
OTSr a vrster-batli, utliurwise there is great dauger of decomposi- 
tion occurring. For operations upon small quantities, the water- 
bfttb represented iu Plate XXI, Fig. 7S, will suffice, or the cans 
the injecting apparatus, Plate XXXVIII, Fig. 180, may be 

ived, and basins placed over the holes. 
In eudeaTouring to obtain crystals of organic Bubstancee, 
is always advantageous to evaporate tbe solution over the 
of Bulphurio acid under a bell-jar, Plate XXllI, Fig. 92, 
r, what is better still, in vacuo, Plate XXXV, Fig. Kif*. In 
instances, the evaponitiun may be conducted by simply 
vspoeing the liquid placed iu a basin or watch-glass, aud covered 
lightly with paper, to the air ; or, where very slow evaporation 
is neooBsory, the watch-glass way be covered over with a bell- 
glass. 

210. InoJneratian. — By incinerating a small portion of any 
organic substance, upon a piece of platinum foil, or in a platinum 

porcelain crucible, we are ennbltid to ascertain whether it 
intains inorganic salts, or consists entirely of organic matter, 

which case the substance leaves only a black residue, which 
'btirns off entirely after a short time. In order t« obtain the 
inorganic constituents perfectly free from carbon, it is sometimes 
necessary to keep the maiis, for a considerable time, at a dull 
red heat. The addition of a drop of nitric acid, causes the rapid 
oxidation of the carbon. If the temperature be loo high, the 
process is often much retarded, in cousequeuce of the fiisiou of 
some of tbe salts, as the phosphates and chlorides, and tbe 
incluslou of small mosses of carbou. which are thus protected 
from the action of tbe atmosphere. The platinum basin or foil 
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may be supported over the lamp apon t, piece of wiro, bant' 

form of 3 triungle, or npcin one of the small riiiga attached 
spirit lamp (Plate IkXl, Figs. 72, 73). It ma; be removed 
the lamp with th« aid of an old puir of foroeps. 

316. Apparatus. — The chemical apparatus which 
in the course of microscopical inveBtigntiou le verf dmpi 
the greater number of instruweuta have already been 
to. The following are among the moat important p 
apparatus ; — 

A few conical glasses of different sizes, § 171. Appani 
talcing speciSc gravities. Test-tubes of various sixes, amnj 
a stand, Plate XLI, Fig. 193. Spirit-lamps, with varinoseui 
Plate XXI, Fig, 73, or, where gas ia laid on, the gw 
Plate XVIII, F^. 66. Olaas funnels and tillering paper, 
porcelain basins, watch-glasses ; a simple water-bath, Piatt 
Fig. 76, or the injecting can, Plate XXXVIII, Fig. 180. 
nsed, if several evaporations are to be conducted at o 
small platinum capsule, a strip of platinum foil, a bbn 
pipettes, Plate XXXVIl, Fig. 172, and glass stirring rods 
a box of reageute In small bottles, Plate XLIII, Fig, 193, 
papers, complete the apparatus. All these may be c 
packed in a box of convenient size, Plate XLI, Fig. 193. 



S17. Mioroacope for ExamiiiliiK SubstaiiaBB 
AoidB and Corroaivo Flnida. — lu examining preparations ' 
reqviire to be immersed in strong acid, in the ordinwy i 
scope, it is not easy to prevent the fumes from injunng Ihe 
work of the instrument. Considerable iucoiivenlonee is 
experienced in eiaminjng lluids while hot. In consequence C 
vapour which rises, condensing on the object-glaas, and tend 
the object invisible. 

These inconvenienoes are entirely obviated by the it 
microscope invented some years ago by Dr. Lawrence B: 
Louisville, United Stales (" Aiiitriean Journal of Scienet,' 
»eries. Vol, XIV, 1802), The inverted chemical miorosoo 
represented in Plate XLII, Fig, 194. 

By this arrangement the object-glass is always kept perl 
clear, while of course the definition of objects is not in an/ 
interfered with. 
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318. Of Bzamlninr SnbitajioeH at b HIg'h Tamperatnre. — 
Bj placing a brass plate upon tbe stage uf the iuBtrunieut just 
described, and allowing one eod to project over the edge, bo that 
it ma; be cooveDientlr heat«d hj a Bpirit-Iamp, any substance 
may be kept narm upon a gla«e-BUde, while being subjected to 
tnicroBCOpical examinatioD. When a high temperature is ueCM- 
aar;, I have adopted the plan represented ia Plate XXXT. Fig 
IfiS. A square copper tube ia arranged to lie ftat upon the atage 
of the ordinary microscope. A spirit-lamp is placed at its lower 
opening, while the heated air eacapeB from the upper end. At 
that part where the glasB slide is to be placed, the lower wall uf 
the tube is oomposed of gloBS, trhile at the upper part ia on 
opening, which allows the heated air to come into actual contact 
with the glass alide. 

I Rbaobsts and tbeir Aotior. 

I The reagents necessary are not very numerous ; they should 
be perfectly pure. Of the greater number only very little is 
required ; but of alcohol, ether, and one or two others, it is 
Deceasary to have a hal(-n-pint or more, the stock reagents 
should be kept in stoppered bottles of about the capacity of two 

I ouDoes. 

I 219. Alcobol.— Alcohol of different strengths will be required 
tot the purpose of dissolving certain BubeCaDces, and for separat- 
ing them from other constituents, which are insoluble in this 
reagent. Alcohol should always be diluted with distilled water, 
and it is better to prepare a considerable quautity at a time. It 
ia convenient to have two or three bottles which will bold about 
two quarts each. The strength of each should be written upon a 
label attached to the bottle. The importance of alcohol aa a 
preservative solution baa beeti already referred to in § 99. 

SflO. Ether, OhloTofbnn. — An ounce or two of ether will be 
quite sut^cient fur microscopical purpoBes. It should be kept in 
t, stoppered bottle, provided with a gbss cap, to prevent loss by 
evaporation. A little should also be kept in one of the small 
glass bottles with capillary orifices, § 236, for the convenience of 

plying to cells containing highly refracting globules, rGsembling 

, Itc, under the microscope. 
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SSL Bftota Af Aloohol and Btlwr. — Alcohol cot 
miiioua mattera. Oemiinal matter is alnajs rendered g 
bj this reitgeut. Man; tran-iparont tissues are coi 
rendered more or lera upaque bj alcuhol. It diasolvea oertKin 
form* of fatty matter, resinous roaterials, many formsof vegetable 
and animal coloring matter. 

Kther in of great tisc fur dissolving -various kinds of fatty 
matter. In miiiiy cases (iis, for eiample, ia common milk) the 
oil globule is covered witb a caseous or albuminous iavestment, 
which protects it from the action of tlie ether. In this case it is 
neoeBSary to add a drop of acetic acid, or solution of potash 
or soda, to dissolve the membrane, when the ether will at onoe 
act upon the fat. 

Chloroform is a valuable fluid for dissolving Canada balsam. 
SolutiouB of this substance in chloroform are preferred by maJly 
to ethereal solutions. 

S22. Nitric Add should be Iccpt of two different degrees of 
oonccntnitiuii ; one the strongest that can be procured, uud 
another containing about twenty per cent, of the strung acid. 
This last is the acid most used by the microscopist, especially m 
separating muscular Rbre cells. It is prepared by mixipg om 
part of the strung commercial acid with five parts of distillad 



SS3. BulphoTlo Add is sometimes required undiluted, but a 
small bottle of diluted acid (one of acid to five nf water) should 
also lie at hnnd. The pure colourless ncid should always be 
procured ; it is to be purcbased for about It. Gd, a. pound, but 
Diity very small quantities are requirvd. 

:. Bydroahlorlo Add may be obtained perfectly colon 
V It may bo kept in the pure state and diluted as required. 

, Acetic Add. — Two specimens of acetic acid will be Couad 

mnniuut. One, a Bolution of the strongest acid which can be 

i tlie other, containing about twenty per cent, Thb il 

d by dissolving one part of the strongest liquid ncid, or of 

•Mglacial acffic and, in five of water. The glacial aoetio 

il now conimoulj employed for photographic piirpoeee, tml 

nfore. bo very readily obtained. 
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Obromlo Aoid is usually required very dilute. For the 
F'pnrpose of hardening tiaaueo a watery sohitiou of a etraw colour 
will be found strung enough. It U easily prepared by diasolving 
a little of the orystiiUiied chroraio acid in distilled water. 

The crystallized acid may bs prepared hj decomposing 100 
BteuurcB uf a Eaturated salution of bichromate of potaasa, by the 
itdditioa of ISO to ISO measures of pure conceutrated sulphimo 
Kiid. As the mixture becomes cool, crystals of chromic acid are 
deposited, which should be dried aud well pressed on a porcus 
tile, by which means the greater part of the Eulphnric aoid is 
temoved, and the crystals obtained nearly pure. 

SS7> Bffoota of Aoida on OrB&ntc StmotnrM. — The effects of 
fttiie application of cold strong acids to animal teitures are fery 
^nrialile; in some instances the tissue is completely destroyed, 
Vhile in others scarcely any effect seems to be produced. The 
■nineral ncida geuemlly coagulate albuminous tissues, and render 
^eir microscopical characters confused and indistinct. Trihasie 
^osphorio acid, however, is an exception to this. Acetic acid 
;^Bolvca many of the substances allied to albumen. The ap- 
pearance ol some structures is scarcely altered by the application 
L strong acid ; for instance, the blood corpuscles shrink a, 
^jittle, but exhibit their usual form and general characters for 
B after the addition of strong nitric acid, and the cells 
Kof the epidermis and nail, although turned of a yellow colour, are 
not dwtrnyed ; the latter are separated somewhat from each 
■ttfaer, and their outline is ofUn made beautifully distinct. Most 
i tite mineral constituents of the body, insoluble in water, are 
stiy dissolved by the acids. Strong nitiic acid is a very 
P>ueful reagent for demonstrating vegetable cellular structures. 
Aertie Add, — Acetic acid is one of the most useful reagents to 
tbc tuicroecopical observer. It has the property of dissolving 
granular matter composed of albuminous material, and causes 
cell-wall and many kinds of formed material to become very 
transparent ; although it often renders the nucleus darker and 
more dietinot. In many instances the action of tSe acid upon 

kthe cell wall ia curious ; the formed material becomes more 
pulpy aud thicker, aud approaches roore nearly In density aud 
relrncttug poivcr to the solution in which it is immersed. In 
numerous instances, by adding a saline solution to cells which 
httve been previously rendered transparent by acetic acid, they 
y ^ 
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Bgun contract, and the outline becomes distlfiot. In some oaaea 
however, the outer part uf the cells is actually dissolved hy the 
acid, and the germinal natter is set free. Acetic octdwill ba 
required of various strengths, the moat useful proportion being 
one part of the strong ucid to three or five ofwuter. Acetic acid 
is very frequently used to make epithelial structures transparent, 
in order that the arrangement of the minute vessels and tierves 
in papilla), Ac., may be demonstrated, ns in the case of the 
tongue, skin, &e. Sections of preparations which have been 
hardened by maceration in alcohol, often require boiling slightly 
in acetic ucid before they can he rendered transparent. Tba 
action of acetic acid on white Gbrous tissue is very cbarooteristjtf, 
M it converts it into a truriapurent jdly-like mnas, in which ft 
few nuclei nre visible. Upon the yellow element, on the other 
hand, this reagent exerts no action whatever. 

Acetic acid may nJso be employed for testing crystalline bodies, 
as phosphates and carbonates. It distingviishes phosphate or 
carbonate of lime from oxalate of lime (all of which are insoluble 
in water), by dissolvii.g the two former, while it does not aScot 
the latter even if boiled with it. 

The action of acetic acid, upon any particnlar tissue, upon 
any form of cells, libres, &c., that are subjected to exominatioDi 
should always be specialty noted. Many tissues aiv quite in- 
soluble in acetic acid, though they are not rendered opaque by it. 

Nitric Aci<l. — ^\,Ttiag nitric acid dissolves albuminous sub- 
stances, but first colours them deep yellow. Dilute nitric add ia 
much employed in microscopical research. — An acid composed cf 
one part of acid to two or three of water, forms a good solution 
for hardening some structures previons to cutting thin EectionB> 
The thin sections may sometimes be rendered very transparent 
by being treated afterwards with dilute caustic soda. For 
demonstrating muscular fibre'Cclls, nitric acid is a valuable 
reagent. For this purpose the solution should contain about 
twenty per cent, of strong acid, and the muscular libre should 
be allowed to macerate in it for some days, when smal! pieces 
may be removed with Kiasors, and after being carefully torn up 
with line needles, subjected to eiamiimtion. 

When we wi)h to obtain portio:is of glandular structure 
isolated from one another, it is a good plan to souk the tissue for 
some days in dilute nitric avid (one part of acid to six or seven 
of water), when the areolar tissue beuomea softened, and at the 
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le time the gland structure is rendered more Grm, and ma; be 

i very riiadily with the aid of oeedles. In this manner 

t the gSEtric glands, the wcreling fuUiuleB of the pancreas, aiid 

nlivarj glands may oftun be very Batisfitctorily demonstrated. 

The su-ciiUi.'d fibre cells of orgaoio niUEcles ve to be isolated in 

tbc same wa;. 

By boiling nninial tissues in strong nitric acid, tbey become 
destroyed, while any siliceous constituents remain behind un- 
altered. In this manner, the siliceous skeletons of the jUiato- 
»tHaeai! muy be separated from any organic matter with which 
they may be coinlnued. This is one of tlie processes employed 
for obtaining these beautiful objects, from guano. 
iSu^Aaric Acid. — Bydroclilorie Acid. — The pure concentrated 
^ds only should be used for microscopical iuTeetigation. Con- 
aentrated sulphuric acid causes epidermic structures to swell up 
very much, and the cells to separate from each other so as to be 
readily isolated. Boiling acid completely dissolves them. In 
the examination of hair, strong sulphuric acid will be found to 
render the outline of the cells very distinct. 

Hydrochloric acid is usually employed for dissolving out the 
mineral constituents of certain tissues, such ss bone or teeth. 
As a rule, it is better to use dilute acid (one of acid to three or 
fbar of water), in which case, however, a longer time must of 
course be allowed, than when the acid is concentrated. 

228. Solution of Fotoah should be kept of two or three 
different degrees of strength. One, the strongest which can be 
obtained ; another, made by mixing one part of the strong potash 
with three or four of water ; and a solution consisting of one 
part of li<iuor potasste to eight or ten of water will be found of a 
useful strength fur the examination of many preparatious. 

889. Solution of Soda is generally required very dilute, It 
may be made by mixing one part of the strong solution of the 
shops with live or six of water ; but this, for many purposes, will 
require to be still further diluted. Or, about twenty-five grains 
of the fused soda may be dissolved in au ounce of distilled water. 

880. ESBcta of Alkaliea on Or^ajklo Stractares: FotasOi and 

Soda.— The action of alkalies, even when cold iu a very dilute 
. stale, is to dissbhc most animal textures. Celi-merabranes ure 
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ft«queatly almost ioatautljr disBolved, while the nodeiu (g 
niftller) appeura tu be altered but slightij. 

jtlkalies are also employed for diaaotving certain ct^a 
BaUUiioes wbicb an ocoaaionallj fouud iu aniiual titHues, sueb. 
fur inatauco, ae tbe urates. 

Tbe nctiuD <if potash and soda upon auiiual slriictiires is varj 
dmiUr. Bulb dissolve substauoes of au albumiuuiw nature, but 
tbe efleet of suda U mure gradual, and it lias been found tliat tvl 
most purposes in microscopical reseaxcb, this TengtiDt puKOaws 
advantages over potash. 

The Bulutiun of putasli is the urdiuary li/uor potmat of tlui 
pharmacopeia, and the solutiua of «oda is prepared in the Mine 
niaiiiicr. These solutious may be diluted with water to the 
required strength. Potash and soda are employed where a tissue 
i» to be rendered more transparent for the purptme of deinott< 
stratiug the arrangement of Che nerves or other ituatomioal 
elements not soluble iu this reagent. 

These reagents dissolve tbe layer of epithelium (WTering 
muoouB memhrnnes. or render it perfectly traiispurcut, so tliat 
the arraugumeiit of tbe structures beneath tlie butfemeiit mem- 
brane can be eojsily demonstrated. In investigating the temtim' 
tiou of llie nerves and vessels in papilla) and other alructUKB, 
they are very valuable, especially tbe latter. 

Fur the purpose above mentioned, the alkalies should be diluted 
with water. The changes are expedited by the application o( 
beat, which, however, must not be too great, for fear of coapleU 
solntioD taking place. Tbe structure may be heated with Uie 
solution in a test tube. 

8ume aaiuiol textures become hardened by prolonged macera- 
tion in carbonate, of potasli, but this plan does not appear to tw 
BO generally useful tu uthen previously indicated. Epidermic 
■truaturcs are not much altered by these salts. 

The introduction of different ohemieal solutions by injeotioD, 
has been discussed in page 112. 1 strongly recommend this pltui 
of subjecting tbe tisBae to tbe action of the reagent. &e aha 
Chapter '&. 

S81. Ammonia.— Siilution of ammonia, made by mixing one 
part of tbe strongest liijiior ammooii with three uf water, will be 
found sufficiently strong for all the purposes for which lUi 
reagent will be requii^d. 
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S3S. Hitnte of Barytes.— A oold Saturated sulution of the 
V nit forme a t«st boIuUoq of couvonieut strength. It should be 
Altered before uae. A aolutkm of nitnite of barjtes is emplojed 
U a teat for eulphuric aud phasphorio acida. The precipitAted 
■ulphate of biu-jta being iuaoluble both Lu aoids and alkalies ; 
wliile the phosphate of bor^tu is reulil]' soluble iu acida, but 
insoluble ir 



883. Nltiata of SIlTer.— A solution of nitrate of rilver is 
prepared by dissolving cue hundred and twenty grains of the 
urystalliKed uitrute iu two ounces of distillud water, and filtering 
if necessary. Nitrate of silver is employed as a teat for chlorides 
Knd phoapbat«s. The irhite precipitate uf chloride of silver is 
aulttble ia ammonia, but insoluble in nitric acid. The ^ellom 
precipitate of trilm«ic phosphate of ulver is soluble in uxoesB 
I uf tLmmouia, as wcU as iu excess of nitric acid. 

B34. Oxalate of Aiiunoaia,-~-Suaie oryEtals may be disiolvod 

I in dietilied Wiitur, atid, after alluwiug time fur the solution tu 
I become satuiated, it uuty be liltercd. Oxalate of amuiuiua in 
luted Bs a test for salts uf lime. Oxulnte of lime b insoluble 
jjies and in aootic acid, but soluble in the strong 
I'Uiittei'ul acids. In testing an iusoluble deposit tor lime, it may 
■ be dissolved iu nitrio aoid and excess of ammonia added ; the 
[iflooculeut precipitate is readily dissolved by excess of acetic acid, 
liMid to this solution the oxnluto of aDimouiu may be added. The 

'precipitation of oxalate of liiue is favoured by tlie applicatiou of 
Kbeat, Many depouts of phosphate ore with great difficulty 
r aolublo iu acetic acid, beuoc ihe necessity ol' drat adding nitric 

acid, ae above dircct«d. 

28B. lodluiB Solutions. — An aqueous solution is easily pre- 

I pared, by disaolving a few graiiiH of iodine iu soiuc distilled water, 
until it acqitiruB a browuish-yellow colour, A solution of iodiue 
is sometimes useful for colouriug certaiu uiiiual and vegetable 
textures, which are so transparent as to lie Goarcely dlslinguish- 
able upon niioroBcupical examination, lu the examination of 
mauy such structures, great aasistauoe will be obtained from the 
use of coloured solutions ; for delicate textures, like the cell wall 
•ud basenieitt membrane, kc, can he far better distinguished 
when a (alnt tint is cuniniuiucated to tbem, than when perfectly 
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colourlem When a membraDe ii to be made more distinct, it 
niaj be immersed in a little PruBsisn blue fluid (^ 196), the minuts 
particles of which adhere to it, and eoable ob to trace its outline 
dewly, or in a weak nolution of magenta. 

Iodine ia principally employed as a test for starch which is 
rendered blue bj an aqueous solution, even vhea very dilnte. 
Albuminous matters and tissues are coloured jctlow by iodine, 
and vegetable cellulose also receives a brownish -yellow tinge. 
The addition of sulphuric acid (one part of the strong acid, two 
parts of water) to albuminous matter stained with iodine, caoaea 
no chaoge, but cellulose under the same ciroumstancei becomes 
blue. In cases where substances allied to stareh and cellulose 
{amyloid matters) are fuund associated with the albuminoiu 
matters, a purple, bluish, or greeuish tinge results from the 
action of iodine and sulphuric acid. 

A strong solution of iodine may be obtained by employing a 
solution of iodide of potassium to dissolve the iodine (one grain 
of iodine and three grains of iodide of potassium, to one onnoa 
of distilled water). 

Sohultx reoommends the following iodine solution. Zino ia 
dissolved in hydrochloric acid ;— the solution is permitted to 
evaporate in contact with metallic zinc until it attains the 
thickness of a syrup ; and the syrup is then saturated with 
iodide of potassium. The iodine is next added, and the solutioa, 
if necessary, is diluted with water. Professor Busk gives the 
following directions for prepatitig this solution: one ounce af 
fused chloride of zinc is to be dissolved in about half an ounce of 
water, and to the solution (which amounts to about an ounoe 
fluid measure), three grains of iodine dissolved, with the aid of 
six grains of iodide of potassium, in the smallest possible quantity 
of water, are to be added (" Traiu. Mic. Soc," Vol. I., p. 67), I 
have employed a solution prepared in this mBnner,and can spesJ: 
very highly of its utiUty. In making it, it is necessary not to 
/>ae the chloride of zinc much, or to use a very high temperature, 
as decompositioD is very apt to take place. lu testing starch 
with this solution, it is advisable to add a very little water, u 
the solution frequently will not act in its concentrated Ibrm. , 
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Of Appltiko Tests to MisttTs Qdasti 



p Matths. 



23fl. BottlsB with Capillary Orffloea fbr TeaU.— The above 
tests mnj he preserved iu ordiiiar; stoppered bottles, but I much 
prefer to keep them iu sniall tubes with capillary oriiices, (rota 
which uuly a drop, or a part of a drop, can be expelled when 
required. Several jears since, I arranged all the ordiuarj tests 
I required for microscopical purposes ia small bulbs nhicli were 
drawn oflf to a capillarj point. They wore provided with glass 
and gutta percha caps. These bulbs, however, were somewhat 
inconveiiieut in consequence of not being made to stand upright, 
and Mr. Highley substitnted for them tubes with Sat bottoms 
And ground glasa caps (Plate XLIll, Figs. 195, 197), To fill these 
bottles I proceed as follows : — A little of the solution is poiired 
into a small basin, the tube being inverted so that its oritioe 
dips beneath the surface of the fluid. Heat being now applied 
to the body of the bulb, the air iu its interior is expanded and 
partially expelled. As the bottle becomes cool, a certaiu quantity 
of the fluid rises up into its interior. Usoally, however, it is not 
isible to introduce more than a few drops iu this manner 
The bottle ia then removed aud heated over the spirit-lamp until 
the drop of Suid in its interior is in a state of ebullition. While 
the steam is issuing violently from the orifice, I carefully plunge 
it again beneath the surface of the fluid. As the eteam within 
condenses, the solutiou rises up in the interior, aud would 
completely SU the little buttle if it were maintained iu this 
position, but when it is about three parts full 1 remove it from 
the fluid. If 1 were to fill it completely it would be difficult to 
expel the fluid when required. A certain quantity of air, 
therefore, is allowed to remain within the bottle, aud being 
expanded by the warmth of the hand, the quantity of fluid 
required cau be driven out at pleasure. In this niaaser fluid 
may be introduced. 

Mr. Highley has made a further modification by arranging 

the capillary neck in the form of a tubulated stopper, by the 

Pemoval of which, fluid can be introduced as in filling an ordinary 

bottle (Fig. 197). 

_ For microscopical purposes bottles with capillary orifices 

^^H possess many advantages over the ordinary stoppered buttle. 

^^H In the Jirtt place, a most minute quantity of the test can be 
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obtained vrithout dtlGcuIty, sutd there is no chance of too ' 
escni>lng. 

Secomi/;/. there is no danger of the reageut becomiug 
b; the introduction of various substoncet from without. U an 
ordinary stoppered hottle he used, a drop of the fluid must be 
remuved with a pipette or etirriug rod, but if these should not 
be quite cleim, foreign Bubetances nuj be iutroducvd, *ud the 
reagent spoilt fur further opemtiDnB. Careiessiieas upon this 
liead will lead to the gi-eatest iucoDveuieuoe, ftud give riM to 
tcrioua mistakes. 

T/iirdly, Testiug hj meanB of these little bottles cud b« con - 
dact«d iu a very short space of time, and thej possess the advan- 
tage of beiug iwckeU iu small compass, (Plate XLIII, Fig. 198.) 

Sa7. Capillary Tnbea with Iiidia-rabbeF tded over the Tov- 

— Dr. LniTroucc Smith, of Louisiana, recommeudB that the tMta 
tihould be kept in bottles of two ounce capacitj, and instead of a 
stopper, he inserts a tube in the form of a pipette, the upper 
open end being covered with n piece of vulcanised India-rubber 
(Fig ISO). By pressing this while the lower end is beueath th9 
fluid, a portion of the air is of cuuT«e driven out, and a little fluid 
rushes in to supply its place as soon as the pressure is remoied. 
The tube may theu be removed from the bottle, and by again 
presaiijg the I iidiar rubber, a drop, or a portion of a drop, ia vei^ 
readily expelled. 

S3S. Method of Applying Tsata to Sabatascea liit«aded fbr 
atloroBoopIoal Bxani I nation — The matter to be tested may be 
placed upon a glosEi slide, and, if necessary, a drop of water added, 
to moiHtun or dissolve it, as the case may he. 

In these operations we usually require only a small drop of a 
solution, and it will be found most convenieut, in applying it to 
the object, to take a drop froin the bottle by dipping a stirring- 
rod into it, and withdrawing it iromediutely. Enough will be 
found adhering to the stirring rod for the purpose required. The 
rod should not be dipped iu a seoood time, without b^ng first 
well washed in water,— for if this be not scrupulously attended 
to, there is great danger if conveying some of the BulwtaDOe 
iutended for examination into the test bottle, iu wi'iuh case the 
whole ooutents would be spoiled. Without great caK in all our 
manipulations, there will be much danger of removing a porUon 
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of one futiBtanoo froro a glaaa Blide and carrying it to n deposit 
which ia eubsuquetitly examined ;— a teEuit wliioh miglit lead to 
great inc<iuv«iiieDce and very serious mistakes. Aocidents nf 
this kiud can nl^-ayH b« avuided, bv not allowing the drup of tho 
reagent to (ouoli thu depueit until the rod has been reuiovctd. 
This C4in be effected by placing the drop uenr the BubEtauce 
iuteiidcd for exumiuatluu, aod tlmii &]loifiii|{ it to cuiiie into con- 
tact with it, eitlier bj iiicliuliig the glasa Blidu, or by luadiiig it 
witli a gloes rod, to tlia matter tit be tested. Without the greatest 
attention to cleiwliiicss, the microaoopica] observer will he con- 
BtBUtly led into error, and thereby bring discredit iipun himeelf 
and upuu the ecienvu, Nothiug ia more conimou thau to find a 
gpecimen which we are examining in the microscope covered with 
a Tast number of starch granules, which iiave been iutroducfld 
from without. Usually they are derived froin the squares of thin 
ginas which are commonly kept in a little starch powder to 
prevent fracture. An intimate friend showed me one day soine 
microBCOpic preparations whiuh contained bodies of the nature 
and ori);iu of which he was not aware. Upon eiaminiug the 
slide, I found a number of scales from the wing of a raothi 
which hud no doubt been flouting about in the air and Lad fallen 
upon the prepurations. For nil such delicate operations, the 
spccinieiia should be ourefully protected by glass shades, 

23&. Taatliiff for CsTbonate and Phoaph&te of Ume, Fhoa- 
phate of Ammoiim-uid-UaffneBia. BiilpliateB asd Chlorldea.— 
Now, suppose the nature of the substaucea composing certain 
forms of earthy matter is to be osceitained. A small portion, 
about the size of a pin's bead, is placed upon the flide, and 

' covered hghtly with a piece of tliiu glass. Neit, a drop of r^itric 
add is expelled (by wanning in the band the bottle with the 
capUhuy ueck) near to the thin glasa. I'he acid soon reaches 
the sediment, and the disengagement of a few bubhles of gas niuy 
ho observed. These are, as it were, tempora.rily pent up by tho 
thin glass, and prevented from escaping. If there should be any 
doubt of the action of the acid, we may resort to examination in 
the microscope, when, if there be very few bubbles, they may be 
detected. The escape of bubbles of gas indicates the presence of 

I earioiiata. 

The ucid solution may be neutralized with amtiimia. A faint 

I liocculuiit piecii'iiate may be produced. After this has stood 
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fltill for & few minutea it i« aovGrud with thin giasa utd e 
under the niicroscope. tt ma; coiiEist of smorphoa 
(PhiHiphftte of Lime) and smail ctyatali, which, if uiloined t< 
loi>g eaoiigh, will take the' form of triangular priima (FhoB 
of Ammonia and Mugneeia). 

If we wish to ascertain the presence of sulphates, n Uttle ot A 
nitric icid solution is treated with niCmte of i 
unorpbous precipitate of Sulphate of Bftrjta, insoluble in M 
tudd and alkalies, takes place, if sulphuric acid be p 
presence of chlorides is detected b; the addition of ft 1 
nitrate of nlvtr to a drop of the solution of the deposit In v 
nitric acid. The white precipitate of chloride of silver b ini 
in nitric acid, but it is dissolved by ammonia. 

These will serve as csamples of the method of detecting fl 
presence of different substances in a very minute quantiM 
matter. The iudicatious obtained in this ra» 
valuable, and may Iw relied upon with as much certaintf,) 
we were provided with a very large quanttt; of material to V 
upon ; in a single drop of a composite solution, the pro 
several different acids and bases ma; be detected. 



CavBTiLLiHE Substances teom the Furma i 
Tbxtdres Of Obqahishh. 

Under this head it is proposed to give a sketch of a few of ^ 
simplest plans of obtaining various orystalliue bodies from ai 
folids and fluids. 

240. Pormation of Crystals. — Some crystalline bodiea J 
deposited from their solution in animal fluids by simple 
tion ; others, less soluble, may be deposited by allowing the fl 
to stand still for a short time, when certain changes o 
some of its constituents, which lead to the precipitation Of ■ 
bodies in a crjgtallino form, such, for instance, as 
crystals of triple phosphate. In other ca»e8 it becomes neo 
to add some reagent before the crystals are thrown down, * 
not unfreqnently a long and often complicated chemical a 
is required, in ordex to isolate some of the substaiieea which « 
previously held in solution, and obtain them in a orysti 
state. The addition of water in some cases causes the most n 
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CTTstallization, especially when the orjatallimblB mnterial is 
contained in n cell, aA when wuter is added to blood, iu order U> 
obtain blood crysttils. Instead of water, in other instances, it 
becomes necessary to add alcohol, iu which fluid the crystals may 
be much less soluble than iu water. 

Crystalline substances which are dissolved in animal fluids, 
may oftcu be separated in a perfectly pure state by the addition 
of another duid iu which they are not so readily soluble. This 
last should lie added very gradually, to allow time for the 
formation of the crystals, otherwise au amorphuna precipitate 
•lone results. Many organic substances soluble in alcohol, may 
be crystallized by the addition of ether, while some are preci- 
pitated from their solution in water, by the gradual addition of 
ftloohoL 

S4I. Inflnanee of Tarlona Oonatittienta upon the Crystalllza- 
Uon. — In many instances, it is exceedingly dilHcnlt to eeparnte 
»ume crystalline bodies from other constituents with which they 
tre retained in solution. In cuuaequence, their solubility is 
much increased, and their crystallixatiou often prevented. The 
extractive matters of blood, urine, &e., exert this influence in a 
marked degree, and it is only of late years that several new 
bodies of definite chemical composition have been isolated. 
Creatine and creatiutue may be instanced amongst the number, 
for these were not very long ago included under the indefinite 
term "extractives." Certain colouring matters of definite com- 
posilion have also been separated, and it is very probable that as 
the mcthuds of analysB at our disiiosal become improved, many 
new crystalline bodies will be isobtcd from the extractive 
matters. A very small quantity of extractive matter entirely 
prevents the cryatalliiation of urea, while the presence of chloride 
of sodium favours the separation of this material by forming 
with it a compound which readily crystallizes in large octohedral 
crystals even in the presence of exiraotive matters. The existence 
of carbonic acid iu excess may cause carbonate of lime, triple 
phosphate, and other salts, to be held in solution. Excess of 
alkali prevents the precipitation of uric acid, and excess of acid, 
that of phosphate of lime. Fatty matters dissolve cholesterine, 
1 possesses the power of retaining small quantities of 
both the latter sulistances in solutiou. Some crystalline bodies 
which are soluble at the temperature of the body, crystallize 
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Fno «hal «w (Uted in the lut wctMM, it foIlnwF ttut te 
nut; JiwfaitKw thu u * nnUer of Mcoe diAealtr. Ko< nn- 
frwpwnt];, ««pn kftcr trjttMia haw Iieen ohtuned, if not * 
•ooa K|Bnit«il ftnax the fluid tn oliich (hej Kcr 
■gtia wuItT)^ i-jluliuu or )«cuilie deoumpowd. 
■fv ncd TCTj aoluUe, the ■npernaUnl fluid, or inotli 
be pmired ofl, — the crjfitaUine depodt wuh«d with I 
wkter, »tid mitiw^uentlr dried od filtering paper over wlpl 
■dd, without %ha application of heat. 

II Oi« orjitalR will not hear the apjJicatinn of mWr. ■ 
9f the fluid as p>w»ihle mntft ho poured iifT, and the n 
abaorhi'd with bilmlnun paper, or thej may he placed x 
pornui tile, and dried over sulphuric acid in vacuo, 
iiialaticBii wc arc enabled tn wash the oryHtols with water, h 
a little acid or alkali, or eume alkaline salt, in solution, c 
alcohol, ether, or eome other fluid in which we know tlteni f| 
quite iunlutilv. 

III ca<M ill which crrstaLi iosolubl^in water are i 
hi anioial aulida, thej may lie separated bj agitaljon, 
lieing heavier than the water, thej subside to the bul 
the lighter animal raaltcr may be removed by forceps, o 
vorj minute ptatc of division, poured off with the si 
fluid. In other cases it may be separated by straiu 
the crystals are washed through miiBlin. 

B48. E aa mtn atloD of OrTstals anaer the WcroBoope.- 
crystaU which have been entirely separated from the fl 
which thoy were originally deposited, may be e 
dry way, in water, or other fluid in which they are known t 
Intoluble, or in Canada balsam ; bnt, as a general rule, t 
neocwary to examine the crystals as they lie in some of then 
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innhich they IiaTO been formed. When they have been obtained 
by allowing n conceutralcd solution ti> cool, some of the ili«piB- 
gated fluid must be removed with the crysuils, placed upon a 
glass slide or iu a thin glass cell, covered with a piece of thin 
glass, and examined iu the uiunJ way — first uring a low power 
(an inch), and afterwards a higher power (a quarter}, beoauge, 
although Home of the orystah are of a largo siae, others amongst 
them, the fonn of which is very perfect, are often exceedingly 
minute. The crystals and mother-liquor should not be exposed 
t« the air previous to examination, for in many inatancea water is 
absorbed, and partial solution takes place. 

244. Of obtaining Or^atals for Bxaminatian. — In order to 
accustom hiineelf to the neoessary manipulation required in the 
process, the student may evaporate a aolntion of common salt 
upon a glass slide, and when it has become sufficiently concen- 
trated it may be covered with a email piece of thin glass, and 
allowed to cool. When cold it may be subjected tn microscopical 
ucaiuination, and Ixsutiful cul>es of ohloride of sodium will be 
I observed (Plate XLIII, Fig. 21H1*), Crystals of several saltsmay 
I- be made iu the same simple manner, and from an attentive 
I examination of them, much may be learned. Phosphate of soda, 
1 phospbales of soda and ammonia, sulphates of potash and soda, 
I muriate of ammonia, and a variety of other salts, can he readily 
I obtained in microscopical crystals in this manner. Mr, Glaisher 
has made some beautiful observations on snow-flakes. Copies of 
)is drawings are presented in Plate XLIV. Figs. 2(*1 to 2i:j. 

IHflereot faces of the crystal, as it lies in the liquid, may be 
brought into view by slightly moving the thin glass cover with a 
fine-pointed instrument, such as a needle, while the preparation ia 
in the field of the microscope. With a little practice, crystals may 
iu this manner bo made to rotate in the mother-liquor. Crystals 
which are precipitated by the addition of some reagent, such aa 
nitrate of urea by nitric acid, must be examined in a Uttle of the 
. solution. The addition of water would, in many instances, 
destroy them immediately. Beautiful crystals are represented in 
Plates XXXI and XLIII. 

The influence of the crystals upon polarized light (§106) should 
be examined, and in oases in which the nature of the crystal has 
not lieen asoertniued, its angles should be carefully measured, and 
accurate drauings made (§ Q8). Their behaviour with chemical 
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reagents is next to bo aaeertained, and their goliibilil; in ^mf 
nJcuhol, and other fluids must be nuted. For tliesv expuriiuent 
different portions must be talceD and Mpanit«ly tested la 
manner referred to in f§ 236, 239. 

A drop of the solution maj also be evaporated rapidly neari; 
to drjfness, and allowed lo cry stallis* upon the slide without 
covered over, when the subatanoe will oRen be Tound to si 
a variety of beautiful forms, suoh as crowletB, dendritic 6xp<Ln 
^oni, kc, which vary according to the rapidity with whioh till 
evaporation has been conducted, and other circumstanoes. 

246. Freaarvation of Cryatala ma Permanent ObJeoM. — Thl 
preaervation uf the more soluble cryetaU is attended nith thl 
greatest difSoulty, except when dried, in which stnte tholi 
characters under the microscope are not well defined. Crystaii 
which very readily deliquesce on exposure to air, must be dtiti 
in vacuo, removed quickly to a cell, the cover of which miut 
firmly cemented down at once. 8ome crystals may. bowever, 
dried and mounted in Canada balsam ; others, such as osahte ol 
lime, cystine, triple phosphate, ■frc, can lie well prwerved ia 
aqueous solutions, containing a little acid in the case of the two 
former sulistnnccs, or an ammouiacal salt, in the latter instftDMy 
in which the crystals are known to be insoluble, Cryiitals wllidt 
contain water of crystallization must be preserved in a drop of 
the mother liquor ; but in many iiiBtancea they alter muoh in 
{brm, and when we come to examine them, instead of finding a 
great nurober of small, well formed crystala. as when the prepais- 
tion was first put up, nothing remains but one or two large iD- 
shapirf ones. The concentrated mother liquor often acts tipoa 
the cement with which the glass cover is fixed on the cell, and 
very soon air enters, atid the preparation is destroyed. Hitny 
crystals may be preserved in strong glycerine without nmch 
change taking place. I have some orystuU of Oiiinea-pig's Mood 
which have been preserved for upwards of three 
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Solatlona. — The consistence of many tissues is so 
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absolutely imposaihlo to olitnin a thin section ; while, by tenring 
otr a small piece, the relattniia of tbe compoucnt parte ig uBually 
so much altered, as to reuder the apeciraen useless for the 
purpose of extimination. In this cufe our only chnnco is to 
harden the texture by some reiigciit in such a maimer that, 
although its iniuroscopical characters are not altered, a thin 
section may be readily obtained. 

It is even possible in some instances to render a soft tiraue 
BufBciently hard to enable ub to cut very thiu seotioiiB, which 
may afterwnrds Ire restored to their former consistence by the 
complete removal of the hardening Eolntiou. 

The nature of the solution employed for hardening a tissue 
will depend upon the character of the teiture itself. Many 
tissues may be hardened in alcohol, others may with advantage 
be Boalced in a weak solution of chromic acid, which contains a 
BufKoieut quantity of the solid acid to render the solution of a 
pale straw-colour. Various saline Golutions are also sometimes 
ciDployed for hnrilctiing tissues, but in consequeuce of the 
alterolion they produce iu the tenture of the substance, they are 
not well adapted for many microscopical specimens. Boiling in 
water, is often resorted to for the sume purpose. In this way 
very thin sections of such textures as muscular fibre may bo 
uhtniued which may afterwards be rendered transparent by 
being soaked iu syrup or glycerine, or by the addition of a little 
solution of caustic soda or potash ; nitric add (| 2ST}, and a 
solution of sesquichloridc c>f iron ore also employed for hardening 
Some tiBsaes with advantage. 

The hai'dening properties of the soiutions which I have juat 
referred to, depend essentially upon tlieir power of coaguUitiug 
albuminous substances, and in the majority of instances the 
cnagulatiou is associated with a certain opacity quite incom- 
patible with the satisfactory examination of tbe tissue by 
transmitted light, and as I have before hinted, it is absolutely 
necessary to reuder such a specimen transparent after the thin 
section has been obtained. It is well to bear in mind that before 
we can submit many soft structures to microscopical eiamination, 
^L we have to consider what chemical substances are likely tn 
^^ harden them in the most advantageous manner for cutting thin 
^^L tectious, and if l>y this process the section lie made opaque we 
^^H have next to consider further how its natural transparency may 
^^^B be restored. Tbe cbeuucal nature of tbe sulistance to be 
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sxunined, iU ph/moal properties generailr, its refirsotive | 
and its oheuiii-'ril cumpositiou, ore points which 
desruble tliat ever; miuroscopic obgurver ehould be actial 
with before he cummeiices naj particular iuveatigation. 

B47> ICt. Lookhart Olarke'a PUui oF Preparinff Thin 9 
at the Oord. — By a. peculiar method of preparation my t 

Mr. Lockhart Clarke has obtaiued most benatiful i 
ghowing the arraiigemeiit of the nerve-fibrea, and « 
apinal cord aud other parts of the ucrviiua system. The i 
of hb olwervulionB are recorded lu the " rhilamjAieal TVaM 
for 1861, " Part II. The cord ie first hardened in aoetlo a 
Alcohol, when eiccssivelf thin sections may be Teadily obt 
with a sharp knife. Theae are then eoitkod ia pur« spirit II 
permeates the texture in every part, and drives out thi 
ooid. It is then transferred to turpentine which exf 
ipirit, and lastt; the sections are mounted iu Canada 
Transverse and longitudinal sections of the spinal oord prepi 
hj this prooess are represented in Tkte XLV. 

348. Ketliod of Bendertnr TiBsnea Hard and Tranapi 

— I have succeeded in rendering the tiesucs of the e 
mammalian auiinals so transparent that the aniullest i 
points can he ^een in the temporary cartilage}. To disaect % 
hony points at so early a period, would be a work of itniil^ 
labour, but by merely shaking the whole organian 
all these points become beautifully distinct. Tin 
I be immersed in alcohol to which a few drops of aolutiou of i 
[bave been siddod, and allowed to remuin in it for a fewfl^ 
. Vhen the action has taken place, it is to be removed^ 
preserved permanently iu weak spirit. I have a beu 
preparation of this kind which has been kept for nearljl 
years, and BtiU preserves its character unaltered. Theprinoifl 
the action of the fluid may be explained thug, alcohol alone t| 
to coagulate albuniiuoua textures aud render tiiem npaqiM 
the same time that it hardens tbem. The alkali, ( 
other hand, will render the tissues soft and trauspareut, a 
time were allowed, would cause their complete solution, 
two fluids in conjunctiou harden the texture and at the fl 
time make it clear and transpareut. Many soft tissues may fl 
be hardened sulhciently to enable us to cut very thin sectiot 
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PreparatldiM of this kiud show how much may 1* cffectud hy 
the nee of very urdiiiary chemical rcngeuta. Qy this simple 
jiroceas, a minute digseotion irhich would exteud over days is 
avoided, the chniicu of lusiug some of the Ptnnlt ossiflc points is 
proveuted, while the Btmctures are displayed far more distiuotly 
than oould be done by the most cai-eful disat^ction. 

Donbtless there ara many other l]uids yet to be applied to the 
pnrposeB of iuvestigalioD of much greater value than the preseut 
one, and I strongly recommeud observers to take up this branch 
of inquiry aud eudeavouc to discover uew modos of preparing 
tcitnri^ which shall reader their minute structure clearly 
demonstrable. 

849. NswKethod of aUoTOBcoplcal AnalTsla.— Sioce I have 
been in tlic habit of using glycerine as the baaia of all my tiiject- 
l fluids and preservative sotutiong, I have cinjiloyud it as the 
I solvent of all testa with the greatest advantages. The reactions 
I are of course slower, but much more perfect. CryEtals uaii be 
obtoiued most readily by this process, and as the viscid soluttoua 
I mix very slowly, most perfect crystsis of substanoea which crys- 
tallize with great difficulty in water can be readily obtained. If 
glycerine be added gradually to luany stilutioua of crystalUue 
matter, crystals are deposited. The various tests may be pri;pared 
as usual ; Price's glycerine being used instead of water, The 
iodine reactions can often be obtained most eatisfact'jrily by this 
. mode of proceeding. The solutions may be kept iu the little 
I glaw bottles dcsorilicd in 9 236. Very strong Bohitione of the 
I uitrio and sulphuric acids cannot be obtained in glycerine, but it 
is seldom that a stronger solution than one part of acid to five 
I of glycerine is re(|ni red, If a very strong visoiii solution of aoetio 
\ acid be required, the add may be wanned with lump sugar in 
* sufficient quantity to make a fluid of the consistence of syrup. 
Glycerine becomes almost the universal medium for tlie eiLsmina- 
tion, preservaticm, and qualitative analysis of microscopic objeots. 
It need scarcely be said that glyucri:ie and syrup are miscihie in 
all proportion so that the viscidity of any fluid can be readily 
iucreuseU by the addition of sugar to it. A'ct Chapter X. 
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CHAPTER IX. 



On takisg Photouuapii8 op Mioboscopic On-rKcxB, — 
IlUtory. Apparatus. — Camera, with Ubject-glatset and 
Stage ailapti^d to it — Mr Weniam'it arrangement idlkoul 
a Cameras-Camera applied to the ordinary Microscope 
— IM. Maddoa't Camera — Arrangement of Dri. Ahcr- 
erombiv and WiUon. Illumihation. — Sunlight — Artifi- 
cial Light — Of Foemiing — Of the Object-ghmiieii — Stereo- 
teopie Photographt. Cuemicai Soliitiiins. — G)//oi/wn 
— Nitrate Bath — Of the Developing bolutiona — The 
fixing Solutionn. Peactioai, Mabippivtiok. — Cleaning 
the Gla*» Platen — Arranging the Camera — Inierttnff 
the Plate — Devel^ing the Image — Vamighiag the Plate 
— 0/" cleaning Old Plates — Of inercaeing the Intensity of 
the Js'egative. Or PEiHTiito. — Preparing the Paper and " 
Printing — Toning Solutioti — Another Toning Solution — 
Fixing Solution — Of Mounting (he Prints—Photographs 
of Microscopic Ohjccta for the Magic Lantern. 



It seemed to be a matter of the utmost importaace to cater 
more full; intu the subject of photograph; as applied to the 
inicroBoope thoa in the last edition of this work, and as I have 
not bad much practical experience ia this departmeut, I have 
sought the assistance of m; friend, I>r, MaddoK, to wbom I aui 
indebted for all the vahiable and practical details that will be 
found in this Chapter. It need scarcel; be said, that success in 
this most beautiful mode of deliueatiiig objects depends entirely 
upon carrying out practical details, and although the general 
reader may on this account uot take much interest in this 
Chapter, I shall oQec no excuses (or devoting so many piiges to 
the subject. 

A brief history of the application of photography to copying 
nicroscopieal objects will be given in the first place, and a short 
, list ofrefiirencc wilt be found at the end of the Chapter. 
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860. HiatDTT of the Appltoattcm of FhotoKnpbr t 
Klcroaooiie. — Mr, Dnnccr, alwut 184i'i, produced phf'tDgivph* 6 
microBCopic objects by the gas nncroicope, the images being ti" 
upoD dWcred plates, also images of scctiouB nf wood, tan 
were reproduced on paper and glass plates bj iDcans of ti 
raieroseope. In 1841, Mr. Richard Hodgson obtained e 
daguerreotypes of microscopic objects. The Rev. Messn 
and Kingslej were early authoritien in the employ 
photography in this manner ; also Mr. Talbot. Dr. 
Paris, about the year 1844, or earlier, issued a work o 
the branches of mioroscopic anatotny, in whiob the engraTinga 
were produced froni plates prepared as daguerrcoty|>e plates, 
sensitized, exposed, developed, and afterwards chemically etched. 
The delicacy of some of these engra^uga was very marked. 'Hie 
plates, however, only permitted comparatively few impr«aaiotiB to 
be struck olT before givinj; ividenoe of injury. 

In October, 1852, we find a paper by Mr. Joseph Deivea was 
presented to the Microscopical Socie^ of Iioiidon. and in the 
following number of the " QimrUfli/ Jounml uf Miiyrotcopkal 
Seiencf," some be&ntiful specimoUB of prints from Mr. Uelvos' 
ooUodiou negatives were issued bjthe then publisher, ilTr. Ilighley, 
Thu was one of the earliest publications with photot'niphic iUna- 
tntioDs of microscopic speciiDoos. Tn the same Journal ia a 
valuable contribution by Mr. G. Shadbolt. Since that period the 
employment of photography in this way has become more general ; 
doubtless mauy have been occupied with it whose iiarnte are 
not fomiliar to us. In Paris M. Nacbet aud M. Bertscli have 
obtained esoellent results. In Germany, (Serlach, Kolmsiin of 
Munich, and many others have illustrated memoirs witli photo- 
graphic plates. Sir D. Brewster, in hia article " Microscope,'* 
" Ent'/clopaditi Sritannica," last edition, speaks very highl/ of 
some photomicrographs exhibited at the Academy of Bciencea, 
Paris, in 1857, by M. Bertsch, the focal length of the objccttv* 
used being half a. millimetre. The objects, a. diatom from guano 
magnified 500 diam. ; two specimens of navioula, ona x 8IK>, 
the other x 500, the field being rendered nearly dark by oblique 
illumination ; human blood globules x 5U0 ; -and two picturas 
of salicine, one taken by polariied light. M, Hartnuuh, Sir D. 
Brewster says, has conatruoted a complete instrument for BL 
Bertach, the range being from 50 to 1,000 diameters, and from 
50 to 150 diameters for opaque objects. The estremo dotal]. 
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I>oautf of texture, and sharp delinention of the objects in the 
irlnU from Mr, Delves' oegatives raarfced a very important Bt«p. 
Within the last few mouths Dr. ^luddox has saaceeded in 
producing some ycty beautiful photographs, several of which he 
hne placed nt tuj disposni for the illustration of this work. My 
friend has with rauoh labour produced the verj' satisfaotaiy 
photographs iu the fruiittspiece. He tcUs me iu a uote that these 
were obtained iu the following manner ; — 

" Prints selected from some of mj negatiYos, representing objecte 
tnagnifled in various degrees, varying from the 1^ inch objective 
to the .'ith, were plnoed on a card in such a manner as to try to 
balance racli cither in their effects, and such sise of card adopted 
that, when reduced om ha!/, it might correspond with t-he 
dimensions chosen by yourself for the plate. The card of prints 
being plnoed at the reijuisite distance, a Rorb' 15-iiich focue 
landieape lens was used vi obtain the negative copies. 

render tlie minutest lines, especially in the Plcurosigma 
J-Angulotmu, well evident in the negative, it was neeeseary not to 
l-oarry the development or intensi^ng process too for, or these 
''IwoBme filled up and much obscnred, hence the interepaccs 
' lietween the bgares allowed a little light to pass ; as this seemed 
delrini'iital and rendered the figures less effective iu appearance, 
these parts have been painted out. 

"The illustrations were photographed with the objective ttated 
in the " esplanatiou." The ,'jth objective was made by 
Mr. Wcnham. and through his liberality placed at my service." 

Many of these photographs require the magnifying glass to 

bring oat their detail. 

My friend Pr. Dean, of Boston, U. S., has just sent me some 

erj perfect photographs of sections of the medulla oblongata, 

■c by far the most perfect photographs of structures from 

{ higher animals that I have seen. (" The gray substance of 

bio Medulla oblongata and Trapezium," by John Dean, M.D., 

nit/ittnian Contrihtalom to KiiotcUJge," 173. — Woslitugton, 

Many anatomioal epecimcns, however, cannot bo copied by 

"lotogrnphy, especially If they be very thick. The yellow colour 

P'Of the tissue iu most instances precludes the possibility of making 

r ft phutograph of it, as the transmission of the light is so much 

■ interfered with ; and this is an especial objection in the case of 

lS viewed as transparent objects, for the tissue intervening 



152 



( TO WOEK 



I 



between the Tesnb is often eo yellow that these Intervnla in tfaa 
phottigraph become its dark aa the vessels tlieroselveg. My 
friend Mr. Julius I'ullock lias neverthetesa siiooeedeil in <ibtaining 
for me some very tolerable copies of iujectioiis of the distiibullon 
c>f the ducts in the liver. By prnctiue, duubtles)!, luauy impruvv- 
meiits in the pruceaa of talttiig photographs of micrc«oj>ic ubj«cte 
would be eft'eoted. 

When ouly few copies of & work are ret[uircd. tlie reaeuobM 
may he very cheaply illustrated by biking phutographa of 
drawiags. A large drawing of the object must first lie mode in 
tlie tuauaer described in | 45. From this a negative ruduced to 
the proper size is tnken, from which any number of oupica w»j ht 
obtained. In this manner I have illustrated ray memoir on the 
anatomy of the liver with upwards of sixty illustrutious. (" TAt 
Anaiwiiff of tin Liver, 185t>.") The results were not so satis- 
lactory as thej might have been, hut ns all the prints wen 
prepared at home with very limited appliances, very good priote 
oould nut be looked for. When many copies of a work are lik«^ 
to be required, this mode of illustratioD is not applicAhle, aa tbs 
original cost of eugraving would awiu be covered ; but when odIj" 
B /eiB copies of a </re'tt nwiAer of drawings are yauted, this plan 
possesses decided advantages. 

Different modes of illuioioatiou have been employed. 
Mr. Delves had used suulight, Air. Shodbolt, iu 18S2, tried khdo 
csperimeuCs with artificial light, and used with great suceen 
a small camphiue lamp. Mr. G. Busk employed gaslight (torn 
an organd burner in 1854 ; and in Noveniber of the same year 
Mr. Weuham states that, although with the use of campliiue nnd 
gas light he was dissatisfied, yet the succession of electric sparhA 
(atwut 100), from a small Leydeu jar of 30 inches ooat«d eurikoo, 
gave actinic rays of sufficieut intensity to produce a good 
impression ou a sensitive collodion plate. Mr. Wenhani, however, 
upon the whole gave the preference to sunlight. Mr. llowlett 
also used sunlight, and condensed it from a plaue mirror or Bolar 
rsflootor by a six -inch double convex lens. The Rev. Mr. Kiugslqr 
with a special apparatus used the hydro-oxygen light and a screen 
of esculine. Mr. liockett in 1602 tried diffused dayUght, allowing 
iu some cases an exposure of from 4 to 8 minutes. Dr. Maddox 
has recently succeeded, by using the brilliant light emitted an 
the Dombustion of magnesium nire (1 j-inob) held iu the Same of ^ 
small spirit lamp, and condensed by an ordinary couduosing b 
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9 modes of amuigiag the apparatus have been devised. In 
r the firat, the ordinary compouud microscope is placed horizontally 
D con neotiou with au ordinary camera by inserting the eye-piece 
end {tho eye-piece being removed) into the brass setting of & 
weU-made portrait combination (the lenses having been removed), 
and the aperture around the body of the microscope perfectly 
closed hy any simple method, as a curd cap or coue of lilaok 
L.oloth or velvet attached to both. 

In the second, the ordinary microscope is dispensed with, the 

tcbjoctive stage and mirror being adapted to the front of a weU> 

:a in the place of the usual combination ; proper 

UraiigemcDts being made for holding the object, supporting the 

-, and iidjustiug the ditTuroiit special parts. The pocket- 

micruHCupe described in § £1 may be adapted to the camera. 

861. Camera with Objeat-Glaaaea and Stav* ad&pted to It. 
■The njiparatua used by Mr. Delves was brought before the 
puiilic by Mr. Highiey. and very much perfected by hini. 
Til is form of apparatus attracted cousidcrable attention at tho 
late lutematiouol Eihibitou. M. Duboscq also exhibited this 
amingtiment. It seems tu meet most requirementB for moderate 
distaucea, but demands especial outlay. Mr. Highlej has lately 
inlroduoed further improve incuts, which makes his apparatus still 
I mote perfect, (&< I'Ute XLVI). 

^^^K 202. SEt. 'WenliAiii'a ArranKemMita without a Camera. — 

^^BUr. Wenhsm dispenses with the use of the ordiiiiiry camera, and 

^^Hj'ct attains its purpose must completely with sundry advantages. 

^^^^e advises a room to be selected having a window ur aperture 

^^■vith free access to sunlight. This is closed by a shutter having a 

^^Fllote about 'A inches in diameter ; upon the outside of this aperture 

I is arranged a solar reflector or plane mirror in such a manner as 

to be capable of being worked round it9 centre at the nece^ary 

auglc, on the outside, by passing the hand through another hole 

in the shutter to the margin of which a flexible sleeve is attached. 

Tho microscope body is arranged hyriioiituUy on a table or bench, 

BO that its axis corresponds to the centre of the aperture. The 

stage with the object slide damped on it in proper position, is 

r placed near tliU aperture vu the inside, the light around the stage 
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being shut off lij a piece of Wack doth. On the bench b TOiliad 
statid, oongisting of a Imanl with u Iii-avy Ijase, U placwl &t any 
deurabit! diHtfuice from the eye-end of the microBOope ; this tfoud 
in supplied with two " under-cut tilteta" to hold th« svndtued 
pliite when roaiij. The mirror i« first properly nnsngnd so u 
i) tiimw an etjual illumination on this vertical fhtnie-lioard. ft 
card being previously placed in the exact pUine tu be <>coupie4 by 
the prepared pkte. The imrtge is now fnouBSed «n the oud. 
Supposing tlio yperatiou of escilJiig the pUte to be done in tht 
came room, Bufficieut light fur the purpuee ia admitted throo^ ■ 
sniujl pane of yellon orange nuu-actluJc glaaa let iDto tli« tap 
part of the ehutter. When read; the card Is reiooimd Knd 
placed against the open end of the micruBcope tube, i>n as to out 
off all light through it, the plate is drained and placed tni tlw 
vertical fnune, the card (juickly lifted and replnccil against Ibe 
end uf the tube lu periods varying aocording tci tlio tinie of 
exposure necessary from part of a second to half a niinutc. Tbs 
time required will vary according to the quality of the U^tt, 
the sensibility to it "f the collodion or other niBtorial twed, and 
the facility with which the actinia rays pasa through t}ic 

Mr. ^Veiihum enumeratcB several advaulageB oomi 
this method. The length of base-board is limited M^,' 
dimeneiouB of the room. The eniie with which any ol)Jo(A< 
included in a definite epaco. Facility in fuuusiuug- 
t^o placing the card or Eeuaitiied plat« at any angle to tbe adi ot 
ihe microBcepe that the surface may be made parallel to <>l^«ctfl 
lying a little out of one plane, and by having a seriea of ftfn 
ttope at hand, parts situated in planes, slightly removed from 
vadi other, can be focussed and impreeaed allcmately, Thta 
while the first part is being impressed, the other part is stupped 
off, this is then stopped off, the other |>art fucusscd luid Its Itna^ 
allowed to fall in its turn on the unaffected p<.rtion of At 
prepared plate. Again the thicker and thinner parts of thftMtmt 
object maj l>e exposed for difierent periods of time, liy wbidi k 
nniforni intensity may be obtained iu epite of the diffemrt 
Iranspareuey of different parts, 

For the loir powers the plane mirror, but for the j'lndi 
olgective and higher powers some form of condenser is used, na k 
Imll's-eyc lens, about 3 inches diameter. But for the Gner form 
of objects, as diat-oms, the buUVeye lens is to be combined witli U 
achromatic condenser of the form proposed by him iu April, IMl, 
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for hisblnooular microscope, ThiscQiisistsof a eet of three pluno- 
cotiv^.i lGii«es varying in liiametHr from nbout Ij iiichto^aiiiuoh, 
placiid mat tu each otLer with their Aat Btirfaces tow&rds the 
object. Tlicso coTiibioed poemes a vtiry large angle of aperture. 
The email Ions lieing made seiarnblo from the others, a large field 
of ilium iitul ion could be obtained for the lower powera. 

263. Oainera applied to tha ordiinary nicroBaope. — Wc now 
enter oil ihu pkcB r>ir cmpliiyiug tlic uiioroiicupe and cnnicrn, 
ituitvd. Mr. Shiidbult recomnieuda the draw tube, if uiy, to be 
removed, aud ito pl&ce supplied with a liuing of blaok velvet, 
The mieroecope is now nrrniitted nod Bxed horuuiitallj on a 
lioard or tabU!, aud tile body made to correspond to the centre of 
the aperture loft on the removal of the lenseB from the hnuB 
setting of au ordinarj' uamera. The iutcrvenivig space being 
oloaud in euch a way as to exclude all entrance of eitraueous 
light. Tlio draw chamber uf ilie camera is employed to vary the 
distance of the image from its object, but is uButdly deficient in 
tuiigth, houcc Bome plan for eloD^tlng this chamber is needed. 
Mauy complain that when nsing the micrtMCope in thiii way, 
Ruioe uiioortiuntv in the ceuicrjng and liabiliiy tn derniigcment 
when exchanging tiie focucsing acroen for the pi-opured plate, are 
GXjicricuced. Oerlneli adapts ihc camera to the top of the tube, 
the micro5Ci.ps bfiiig placed upright, (J'Into XLYJll, Fig. 228), 

254. I>r. Kaddox'a Otunera. — The iuatniiiient proposed by 
_ ,Dt. Mnddox, and nscd by him with considerable facility aiiA great 
Itwoceas, consists of a uicroeoopu tiaving a couipoes-joiut at the 
lower end of the stem furnished with coarse screws, ise. The 
stage slides along the stem and cuu be damped to it by a binding 
screw acting against a guide tliat runs along its length. This 
stage is provided with small rectangular movements attached to 
the part holding the object slide, and to its opposite side is fixed 
a stout tube to hold an achromatic or some lurm of condeuaer. 
The main purt of the stem is huUow and receives a strong tube 
furuishod nearly in its entire length with a slot that works on an 
internal guide fixed inside tbc stem. This tube carries at its 
a7i arm, at right angles to which a tube about five 
Inolws long is screwed ou the near side, and on the opposite side 
B fitted an adapter to receive the screw-end of the objective. 
ft'Uin approximate focus is ufiecled by sliding the stage along the 
torn, and tlio fine motion bj a graduated mitled-headed screw-pin- 
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Thb pin peases thruugb the tube to which the am i 
and eugages tn a thread out in tho Bolid end of 
A spiral wire coiled iu tie inner tube reacte on the 
the niUled-beaded screw is withdrawn. The whole 
arrangemeuta are fixed firmly bj the scren and not at tb 
ends of the stem to a reotangular cross piece of 3-lfltlii 
about two inches nide, the screw passing through n hole 
centre. This orosa piece is turned down at right-angles on * 
side so as to bring the centre of the short microscope tube in 
centre of the camera, then ag:uu turned at right tuigl< 
firmi J screwed to a stout boee-baard of dcui I i indies 
13 inches wide, and 48 inches long, and clnniped at each end 
prevent warping. This is supported ovur a wide momllll 
triangle (Plate XLVII, Fig. 220) having stout double^iitigad 
triangle l^s of a height convenient fur the operator (3 w 4 f" 
Aljout 12 inches from the end of the base-board where 
microscope is fixed, is hinged a stoat square ftame with n sliiliiif 
door hariiig n central aperture to allow the end of the 
tube to work through, the inside of the aperture is lined wil 
leather, and a thick velvet collar is made to slide along the txH 
and abut agiuiiat the aperture in the door, so as when iii im ■ 
effectual!; cut off the entmnoe of any extraneous light. H 
frame with door is turned on its hinges, until it stands exnctljri 
right angles with the axis of the microscope, and is kept Srni 
fixed in this position by two stout brass strutta witli ahuiipiii| 
screws, that rise From the base-board on each tdde of the 
at an oblique angle 60°. At the opposite end of the stout 
ia placed an ordinary camera with a moveable door-front bavioi 
a targe central aperture. One end of an expanding ItulloWB bod 
is bstened to if, the other end being attached to the dour tlH 
slides into the vertical frame. This hellowa part is made of fcn 
thicknesses of black twilled calico, having pasted between tbeiD 
corresponding sized sheet of stout brown paper, and folded ial 
one-inch plaits when damp, then turned over squore to tJie afa 
aorreBpondiDg to the sliding doors, the corners bcrnt down U 
the bellows of a common accordion, and the overlapping tigf 
which are turned so as to face the base-board are double M« 
together throughout their length ; or for this may be substitute 
a body of black calico, of treble thickness, attached at eaob en 
to the doors, and kept apart htterally by elastic bands sewn aim 
its four edges, lengthwise. The camera is made to slide lioi 
the supporting board between wooden guides screwed to l* 
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upper eurfiice near the sides, extending from the near end to 
the vertical frame. These liave small holes at corresponding 
equal diatancQB of half-an'inchj&nd projecting &om each Bide of 
the bod; of the camera is a pierced horizontal ledge of broaa 
platc^ about 5-8th3 wide, that travels over the upper surface of the 
gnicles on the to and fro movenieut of the camera, a moveable 
piti on each £ide fixing it In the place desired. These apertures 
are numbered accordiiig to the inches 1, 2, 3, &c„ from the 
frame, aod thus are of service to note the distance at which the 
Bensitized plate is placed from it or from the etage. Memoranda 
bdng tept, the same ronges can be easily repeated. The draw 
ohauiber of the camera haa its own focugsing sorow which is of 
uae ovcaaionallj. but it is not uecessar;. 

Two diaphragms of blackened stout card are placed within the 
chamber of this elongated camera, one near to the vertical frame 
or at the junction of the bellows part with it in front, and the 
other is placed in a grooved frame, that slides in a wide cut made 
in the inner surface of the underside of the draw part of the 
camera. This frame holder takes diaphragms with various sized 
apertures, according to the dimenaons of the image of the object 
or the glass plates employed. Sliding this forward or backward 
in the camera alters the relative size of the field according as the 
camera is used ciipanded or closed. The camera is either dead 
blackened ot lined with black cotton velvet, and the tube of 
the microscope inside is well covered hy optician's charcoal 
black, or Uncd with black velvet, which is better. 

The mirror or prism is set on a separate arm fixed to the base- 
board, in a line with the stem of the microscope, so that the axis 
shall correspond with the axis of the objective. The apparatus 
can be put together very quickly, or kept ready for use, and is of 
a size that permits of its being moved about easily, without being 
too cuinl^rsouc for one person ; and it possesses considerable 
firmuees. 

The microscope portion can be supplied by any form of micro- 
scope that will take the liorizontal position, and permit the eye- 
piece end of the body tu work through the central aperture in 
the front of the bellows- chamber, provided means are taken to 
effect rigidity, and completely shut out the outside light around 
the aperture when working the rack for the coarse adjustment. 

I Bat preference has been given by Dr. Maddox to a tube shorter 
than the usual body of the ordiuacy mtoroscDpc, which aometimea 
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iiaiTOwe the field too much nhen the camera ii noM-lr cImmI 

the vt^rticnt frauio. The tulie coiisistg of two p&rts, one an ii 
in iliumeter. fixed to the nmi, the other li iuchen in dininetc 
that slides through the aperture in the door. On the cpcn 
of the latter Rts a dead hbckciied lirnsa cap, friim the inside, i 
n Blight iutemnl projecting ledge, which Kcte ns a. diaphragm i 
a large openiug. 

The description tvill be more eaailj understood lija 
Plate XLVII, which rcpreaeijts the iuHtrutnent jMirtly ii 
The caniern, when drawn out to its full muge, has t 
difficulty, that it obliges the operator to withdraw the heftJ tf 
the focusMiig screen at the time of making any alteration in I 
fine motion. A lover arrangement hae been used tu obvii 
this, but if employed with the high powers demands 
care if there be any slip to the screw. Mr. L«gg employed 
lever crank and arm over the top of the eamera, working <m tl 
milled head of the coarse rack and pinion motion. Prc£ Bom 
of Troy, N.Y., also made nae of a rod and lever benendi 
camera, acting on the rack work, and a hinged mirror placed tid 
Bide of the ground glass t^ receive the image transmittvd to i 
while arranging the object on the stage plate and attending 
the iilumination. 

l>r. Mnddox has recently introduced the following pb 
for focussing in the case of his arrangement A long lirnM ro 
with a reel fixud ou the front end, is passed thrtrugh k bol 
drilled through the oeutre of the cross-piece to which tlie 
l<vge are attached, this end of the rod being conical, to work i 
ID a hole made in a piece of brass plate screwed to the middla < 
the under surface of the base-hoard ; the other end of the n 
with a fixed handle, having a groove cut in it, hangs In a OOH 
screwed to the base-board beneath, in the median liue. Tl 
permits of easy rotation between the Hxed points. A piaee 
vulcanised india-rubber tube is drawn tightly over the leel, Ii 
the middle line of the base-board, just below the part wheT« 
loillod screw traverses backwards and forwards in maJdiig tb 
focus, a hole with slantiog sides is eut through. A light brt 
double beam arm hangs on the milled head, and is clamped, vtu 
required, liy a small clamping screw at the centre, to the oeutre 
the milled head. A band is passed round the reel through tl 
aperture cut in the board, and each end fixed to an arm of tl 
deam, When the ordinary focus is made with thv camera olow 
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up the clompiiig screvr is tumod to release the hetun, nnd the focua- 
Hiog-BOrcw iiuw rutalea muily ; wlieti the camera ie drawu to the 
dietance required, the chunpinii screw is mode to fix the beata. 
The fuuuBsiug eye-piece ia held by ouc hand, while the other 
tumg tlie rod heuenth. If iu the first focus the object bo well 
fooMsed into, ou withdrawing ihe cainura a very slight ultcratiou 
will bo iiesiled bj the use of tiie rod, Thia nrmugeineiit is not 
represuntvd tu the plate. 

Insteail of the beam, if a grooved puUey-wheel is fixed on Ibe 
upper surface of the baae-lioard, the milled head having a groove 
cut iu it for the baud, the necesaary ntotioQ can tiltewise be 
easily obtabed. 

The chief reqiurements in auy form of camera, independent of 
the ohjecUva or mode of Uluinination, are general facility of 
lUBnHgcmeiit, compactness within a moderate range nf eitoUEion, 
correct centering, ahtinct from all i-ibraliam, and tbo totni esclu- 
aion of all light except tluit which enters by the object- glass. 

SSe. Arrangement of Dra. Aberorombla and Wilson I am 

enabled, thruugh the kind permission of Drs. Abercrotnbie and 
Wilaon, of Cheltenham, to mention the plan that ha» been so auo- 
ceesfuUj adopted bj them, and I am glad tti tiud that Dr. ^iVilaon 
ia about to give, in one of the current joiiruah, a detailed account 
of the system, which ou account of its simplicity, the employment 
of artificial illumiuation, and the be:iutiful photographs which 
have been obtained by it, possesses special merit. These gentle- 
men use a, stout plank, (S or 7 feet long, having parallel strips of 
wood along its entire length. At one cud, between theae, slides 
a piew of wood, to which the micruscope ia ckmpod, and on 
which the light is placed, so that light and microscope may be 
moved togutliur. The camera is raised the necessary height on 
a block, and slides at the other end of the board. Thus both 
can easily, still being centered, be made to approach or recede 
from each other singly or together, but it is considered best, as a 
rule, to have the camera fixed, while the microscope travels 
along the board. Two thin strips of blackened wood, diverging 
^^ from eaah other and connected by parallel croES pieces, are fixed 
^H at the narrow end to the tube of the microscope with cotton wool 
^M in such a muuuer that the extraneous tight is totally excluded. 
^H The diverging end passes to the topof the camera. Over this 
^B &ame is thruivn a large piece of black cotton velvet, pile-side 
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infrards. Th^ have used au oil-lamp, aaA think t}J« suffid 
for images enlarged 150 diami-ters. Iitit for higher powers, aa 
diameters, [hej prefer the ox;-caIciuiii light. 

The direct rajs from the source of light are coudenwil hj 
of the Rev. Mr. Reade'e kettle-drum or hemisphericAl coni' 
either directlj or after >ietDg firet collected b; an urdiuai^ bull' 
ej6 lens of some 3-in. fociis. The time of exposuK for wel ooU 
dinn plates varies, increasing according to the colonr of ti 
object, and its enlargement ;— 50 dinraeterg and a tolerably U^ 
(ihjfict may need ten minutes with tlie oil-lamp. By placitig 
gniiill vessel of warm water in the camera, to keep tho eollodio 
plate moist by its vapour, they have exposed pktea for ferl 
minutes with Buccess. Some of the prints fmro these i;entlem 
negatives are remarkablj good ; they possess a peculiar <l«Il( 
iu the half-tones and shadows, with much rouudoees of 
objects, but the definition, as might be expected, does not qdlli 
equal, ill srime of the finest Tnarkinga, prints ubtaineil 
sunlit negatives. However, all of the general charactorisUi 
appeamiiees of the objects are eiceediugly perfect. Orciat ilai 
plicity in the apparatus, and the immense advantage of 
illumination in all weathers, are most favonrabte reoonimend» 

269. Of the ninmlnation : Sunli^Iit. — Both sanltght atld 
ar^ficial light have been used. Dr. Maddox, with the Dugority 
of observers, gives the preference to simlLght in all caMS, Mid 
nearly always uses some furra of condenser. He usually dispcouu 
with the mirror, and Bubslitutca one of Abraham's achrotoatio 
condensing prisms, placed at such a distance from the oljoct (If 
HBed alone) that its rays would cross just before reaching til* 
object. Otherwise the intense heating power at the vertex of 
the cone of rays would cause considerable danger to the object, 
and might unccment the lenses of the objective of the hi^or 
powers, especially when the object is only enclosed betweCD two 
pieces of the thinnest covering glass, and the focus very nlfiw. 
The prism he seldom employs alone, hut places in the tube ttt tho 
back of the stage a condenser. A small Coddington lena, s'uont 
in" angular aperture, served him in the earlier part of his e^>etj> 
mcnts. This was made to slide in a tube nearer or farther from 
the object. Latterly he has used SoUitt's achromatic 
as furnishing a larger iield and more free from spherical'. 
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This oondeiuer, as described bj* the origin&tor, oonsists 
of two achromatic lensps with their plane surfaces turned toward* 
the oh)ect, and of 3 and 4iuc:hes in their respective fuci, placed at 
the distAQce of one and three quarters of an inch apart with a 
i4)>Flinigni between thLTn. The fuut^inch focus Icna has a 
kioetcr of IJ inch, the tvro-inch focus lens a diameter of J of 
'iai inch. Here tlien we have a large body of light, and a 6eld 
beaulifully iilumiuiited when iiaed either with the plane mirror 
or the prism, A Bcries of dinphragmH slip into the cap covering 
the smitll lens, which is turned towards the objects, Sometimefl 
Dr. Muddox employs an achromatic douldet of about 22" 
aperture, or an achromatic couilenser of larger angular aperture. 
Although theoretically the angular aperture of the higher 
objectives is narrowed by these moderate apertures, practically' 
the intensity of the illumination appears to compensate iu a 
remarlcable manner, as is shown by the perfect delineation of 
some of the figures in the frontispiece. The oommou plan is to 
use as a condenser the objective next below the one used to reuder 
the photographic image ; but if any form of solar condenser be 
employed by which the rays become much concentrated, the 
greatest care will be required, to avoid injury to the lenses by 
the inteuse heat. 

Dr. Maddox has lately used the condenser of three plano- 
eonves lenses as recommended by Mr. Wenham, but employs 
with them moveable diaphragms ; these are placed nearer to or 
further from the largest liiiis, the diatauce being regulated by trial 
Prof. Kood, of New York, for his higher powers made for his 
condenser n Wollaston doulilet. having an angular aprture of 
44°. He used one of Liebig's silvered mirrors in place of the 
ordinary amalgam mirror. 

M. Neyt replaces the common solar reflectors by a large prism 
with parallactic motions ; to condense the rays an acbroraatio 
OOndeiising lens of SJ inches diameter is used, and to concentrate 
them still more, 3 other converging lenses are placed in its focus 
in such a manner that they con be used together or separated 
to meet the power of the objective. He likewise has the objective 
corrected to make the chemical and visual foci agree. In order 
to render infusoria stationary while they are photographed, he 
uses a voltaic stage, so that be can make contact with tlie poles 
of a Daniel's battery or induction coil at the proper moment- 
Xbe aback suddenl/ kills the little beings and enables him to 
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leoure a.a image, when otherwUe, from their lapid moTemmUa i 
would be a mere aooident if the auinuvloule being i 
view, or in the desired attitude. 

The Rev. Mr. Resde has propoeed a verj ingenious metbod a 
DUDg hia hemitpherioal oondenser with a tolar condenser. 
n;s rurnishiog light and those giving heat having diflevait 
decrees of refrangibilitj, we have here tiie oone ot lig 
giving rajB formed within the cone of the heat-^viDK n 
the priucipoJ foous of the latter being a.t a greater diatanoe 6 
the lens than the former. When these rajs are permitted 
cross the axis, their respective situations are reversed. 
arranging the hemispherical lens, so that it shall be «epar«l4< 
from the prioaipat focus of heat hj the sam of its owe Ibea 
length, tbe principal focus for light will be found at 
distance than its own focal length ; hence the heat-giving i»J 
will be rendered parallel, and the light-giving rays will be mad 
to converge to a seooud focus furnishing light of much iotenri^ 
separated from tbe heating rays, thus supplying means for u 
an achromatic object-glasB for the solar tnicrosoope witi 
endangering its injury. 

Professor Qerlaoh uses a plano-eouTcx lens with a cotm 
mirror. These are placed at such distances spart that thv 
foci meet when the convex surface of the plauo-oonvei leaf i 
turned towards the mirror. By this nrratigement parallel nt; 
are sent through the object. {Ste Plate XLVIII. Fig. 327.) 

In the ordinary WoUaston doublet the chromatic abpmtioa 
not corrected, hut this does not cause any serioua difficulty, ■ 
by varying its diatanca, the blue or chemical end of tbe 
vergiug cone of rays can be used to furnish a field of bluisb li^ 
Borne considerable care is needed in the adjustment of 
condenser, whichever kind be employed, so as to equalix« 
illumination aud avoid sun spots when the mirror ia n 
Mr. Traer got rid of these by making the distance between 
olgect and concave mirror rather more than its foouB, Thi 
chief object ia to have the full amount of light that vrilt 
a distinct image on the ground glass. Some make tlieir feci 
arrangements in the objective, illuminating the ol'ject with i 
light or a less intense illumination than ia to be used in tak 
tbe piiotugrapb. Dr. Maddox found that in doing Ihia 
seldom secured the best focus, therefore be prefers to (bona I 
sunlight condensed upon the object ; now the < 
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c&tch 5Ame fine line or mark distinoti}' od the grouiid-glaM 
MI'een, even without tho aid even of an examining eyepiece, 
th&t oould not be seeu b; daylight illuminatioD, neverthelesB 
H it generally desirable to uae thii little initrumoDt. 

S5T. ArUfloiftl IJerht. — Mr. Bhndbult many yenrs ago obtained 
Rome bcantifu! photographs by lamp tight. A small camphiae or 
paraffin lamp was placed ao that the ttame waa in the axis of 
the microscope, A plaiio-oonvcx lens of aUmt I^ inches diameter 
with its flat side to the lamp, and a second ainaller one of about 
I inch in diameter and 3 incliea fatmB. were arranged bo as to 
oonceatnite the rays of light without forming an image of the 
flame (Plate XLTIU, Fig 226). The first is placed at such a 
distance from the lamp as to make the rays converge slightly, 
and the other at a point where it will include all these rays aud 
(in using high powers) the achromatic condenser, so that the lens 
may fall well within the cone of rays. In employing low powers 
the oliject is made to come within the cone of converging rays. 
The diitance of the lamp from the nearest lena to it, is beat 
determined by the qnality of the illuminated field, which shoald 
be equally bright, nor should the light enter the objective at a 
greater angle than its own angular aperture. To examine the 
image thrown on the ground-glass of the camera, Mr, Sbadbolt 
used a RAmadeu'i positive eye-pieoe. 

Mr. Legg, in 1659, made use of artificial light from a camphine 
lamp, ODTioentrating the diverging rays by a two-inch bul!'»*ye 
Jnu placed near to the source of light, and a second buII'S'eye 
about three inches in diameter at a distance of an inch from 
first, by which, with the e-3rda and 4-l<.>ths object-glasses, he 
oould obtain images at 3 feet, in periods varying from 3 to 10 
minutee. 

Mr. Parry, in making use of artificial light, placed a plano- 
convex of IJ inch focus with iie plane aide towards the object 
about one iccb from it, and four or live inches from an 
argand gas burner. The light from an argaiid parnffiu lamp is 
preferable to gas. To incrcEise the flatness of the field, he fixes 
behind the posterior lens of the l-inch combination, an auhro- 
matio Mereoacope camera lens with its flat siirfiico towards the 
objective. The advantage of the brilliant light produced by 
tile combustion of magnesium wire has btien referred to in 
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-Much c4f« is required in 
A pUu adopted hj some b to nsa a rimple lens eet ma 
maker's loup« in n csrd or (rooden tube of mch i Iri 
when pUued &t the near surface of the grouud-glaaa Kroen, ttA 
foous of the lens exactlj corresponds to th^ opposite or grMind 
side Others emploj' &n ordinftrj' photugniphic fucuMing pi«o*. 
The best is the positive eje-piece, for should the utJien not 
be truly let, there is danger of the fi>caB cstcluog the imagv 
either before or behind the screen. 

869. Of the OttJeot-Kliuasa. — Each objective, as furuisbed bj 
onr best opticians, is generallj sent out not as a phatograplM 
ohject'glasB, but set as a microscope objective, and so BkiUoUj 
have errors which arisn from the thiokness of the thiti gbas 
cover and dud -achromia ti city of the eyepiece been compcnioteil 
for, that the illuminated field is without sensible colour, and the 
edges of objects destitute of chromatic fringes. To accomplith 
this, the objective is left what ia termed " over corrected." 

When the photographer employes these ohjectiveB, moM 
especially the Ion and middle powers, he finds that either hi* 
prepared sensitized plate must be moved further away from the 
plane at which the best visual focus was found, or ulec be must 
withdraw his objective n slight diat&nce from the object, utd 
bring the chemical focus to its compensating point for the uoouttt 
of " over correction " that has been given to it by the tuiiker. 
This ii not a fixed sum, and may vary iu dlHerent ohject^luMS 
fiiruished by the same optician, when of equal magnifying powet^ 
or even ground on the same tools. In the construction uf samtt 
of the lower powers a plan has been adopted which, at tha 
same time that it does not detract from their optical perfection, 
places the chemical variance at its lowest mean. In the hi^MP 
powers, B« from |th upwards, the difference between the viaoil 
&nd chemical foci is so email that it is seldom regarded, exoopC 
in the must delicate worlc ; but here the disturbance ocoasioiied hj 
the cover of thin glasa placed over the object, requires the adjust- 
ment between the two posterior combined sets of lenses, and tba 
anterior pair or triple lens to be made with the gre&toet xiioAj, 
and even then if the best definition is to be obtained in ths 
photographs, a very slight alteration of the screw collar will 
be required. It is not possible to detenaiiie beforehand th* 
amount of alteration iu focus needed, and a. series of trials j 
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L lie oeceasBiy to establish what adjustment is requiatc. Tbe best 
pUn ia to select an object that has a slight thickness, with parts 
at A distance from one Another, lying in three or four different 
jilmies. Set the objective to the best focus in the microscope, 
then place it in the camera ) focus diarpl; for the part of 
the object neMrest, und in the negative which is tnken observe if 
this part correspunJs in definition, or if not, which plajie of the 
object appears the sharpest. Let as suppose the furthest plane ; 
then observe, bj re-focusnog, how nian^ divisions of the milled- 
hcaded screw have been turned through to bring this part into 
ns perfect a focus as was originally the nearest plane. This will 
give the variation for that objective under similar circumstances, 
and should be noted. If empJojL'd with the deeper eje-piece, to 
increase the niagtiifyiog power, with the loss of some definition, 
from the under correction of the eye-piece, a different adjustment 
will bo required, Mr. Shadbolt undertook a series of eiperimeuts 
for bis objectives, of MeBsrs. Smith, Beck, and Beck's make, when 
he employed artificial light, and which he gives as follows : — 
The Ij-inch object-glusa to be withdrawn ,'ath of a.u in. 
The ird. „ „ ,is 

The ,\th. „ „ ,„■,= „ 

These can only be regarded as guiding marks for others. To 
obviate this great iuconvenieDce, Mr. Wenham, to whom we owe 
much for the perfection of the binocular microscope, with his 
usual ingenuity, recommended a biconvex lens of low power to be 
carefully turned down to the proper size, and centered in a setting 
that cau be screwed into the place where the posturior diaphragm 
or stop is usually placed ; thus to lesseu the over correction and 
to bring the chemical liack to the visual focus. He gives th? 
following focal lengths of these correcting leuses for Messrs. 
Bmith, Beak and Beck's I j- inch, a lens of S inches, focuA for the 
|rds ; one of 5 inches focus, which is also applicable to the ,% tha. 

Mr. Hislop advises that a dozen of theae, of different foci, 
should be at baod, and tbe one that is found to answer l>est in 
practice selected. Br. Maddox has one of Me^^Brs. Smith, Beck 
and Beck's i, beautifully currecled by them in this manner, and 
i I gives surprising sharpness. 

Mr. Sbodbolt prefers to find the necessary alteration for the 
foci of difl'erent objectivbs. It seems almost a matter of regret 
that opticians have not oS«red a special ccnectiiig eye-piece tu 
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hole in the small etrips of spring brase, then through the holes in 
the ledges, the pins bciug imw turned up Mt right Diigl«e 
to prevent being ciwriod out (if the hiilea l)j their springs. Aa 
ordinary gl&ss slide with the oUject set up wag placed botweeu 
the springs (and rested h; its under Burfaoe near the edgea on 
the upper or horizontal aurraces of the two amall bloolcs), being 
clipped h; them siiflioienti}' tight to prevent fulling out. when 
the slide was placed verticitUy on edge. On depressing either 
end of the slide-liulder, the object could be made to assume wa 
obliijuity to the objective, e<)uivitlent to the angle found lictween 
the surface of the little triangular blocks |!uid the edge of ttis 
depressed slide when reeting on the plane of the brass holder. 
This method answered ver; well for opaque objects illunuDeted 
bv the Lieberkiilm. The slide holding the object being lint 
centered and focuesed, theti depressed and re-focussed if ueoenuy, 
to furnish the first picture, then simikrl}' treated ou the oppeula 
side of the centre to furniah the second. The resuluut bnagea 
giving a stereo-picture ; when the left depreaaed new it 
taken on the right-hand side of the plate, and via ffrta, tbe 
images need not be reversed after printing. He alsu tued tot 
transparent objects Mr. Wenhanj's and Mr. Smith's plan ft* 
stopping off alternately in front the right and leR halves of Um 
objective by a small cap with a aemiciroular aperturt-, eqasl 
generally to half the area of the front lens, whil« with the 
highest powers, he only makes a slight alteration in the positjos 
of the object and incident light for the second picture, Witk 
the parubollio iUumiuator he did not succeed equally welL 
M. Naobet. jun., used, if we remember correctly, his polished 
cone of glass with a central stop on ita flat surface (for 
oblique light in parall<it rays) when pliutographiug 
objects, as the Furaiuiuifera. 

CUSHICAL SOLDTIOHS BEqClKBD. 

The different solutions used in photography must be p 
pure 1 this b of the first importance, and observers n 
mended to piirchaae their chemicals at houses of known celebritf, I 
rather than attempt the manufacture. 

861. Collodion. — Supposing the collodion process t 
mined on, the pyrosyline should be of the kind produc 
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liot ftcids, carrying juet such na amount of water aa will fumifih 
I to it when diuolvod in ite eiilventa, tother and alcohol, a. fluid 
flowiug D-ecly, posseasing cousiderahie adhesive power to the 
, aiid tree from fine net-like markings when dry. The 
mauufuctiiiv of the gnu cotton that will fumigh these qualities 
ret^uirea great cuperieiice. Tlie colhidiou should afford, when 
tttken from the nitrate hath, not a very thiuk creamy layer, but 
one slightly thinner than that oiimmonly employed for portmit 
purposes. If it be preferred to make the ooUodimi, we aubjciiu 
the formula for cotton that will yield the above mentioned fihii. 
Into a perfectly clean dry close stoppered bottle, put — 

Iodide of ammonium in orystalB.* 

Iodide of cadmium, of each, 8 grains. 

Bromide of cadmium, 4 grains. 
Pour ou thuae 13 drachms of absolute alcohol or redrawn 
alcohol, of sp. gr. '803, shake the hottle well ; when dissolved, 
add- 

Pure atthcr, »p gr, -725, 12 drachms. 
Weigh ont 22 to 38 grains of dry pyroxylinc, add it by little 
open tufts to the mixed fluid, shaking uccaMonally, Iheu wash 
down the neck and aides of the hottle with 6 drachms of pure 
Btber. Oently agitate so us not to soil the neck of the hottle, 
aad set aside in a dark cool cupboard for three or four days, or 
longer ; then carefully pour aft, without any shaking, the half 
into a clean dry close stoppered bottle for use, or letter, into one 
of the 4 oz. capped pouring bottles, called "oometlees." Tha 
fonnula given has beeu for only 4 ok. of collodion. The absolute 
alcohol can sometimes be a little increased. 

sea. Nitrate Bath. — The nitrate bath may be prepared us 
follows ;— 

Freshly distilled water, 4 ounces. 

R«crystallized nitrate of silver, 600 graius. 

Dissolve ; test for acidity by blue litmus paper ; if ooid, 

neutraliw by a few drops of a very weak solution of carbonate of 

soda J dissolve in a drachm or two of water — 

Iodide of potassium, 1 grain. 

.11 dump, preea tbem 
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Then drop into it a few drops of the dtrong iolulion of uitnte of 
nlver until it produoes no further turbiditj. Wash the precipi- 
tated j'ellow iodide of ailrer, pour off the waehiugs, nod iidd the 
iodide to the strong silver eolution; atir, maVe up the quaatltj' 
of Biiid to 20 ot. hj distilled water, and filter if it nppi-nr at mil 
torhid ; but if not, it is preferable to allow it to settle, then ckre- 
fiill; pour otr close, and filter the remaining portion into a small 
bottle. This can be used in the after intensifjing process, or if 
filtered through a washed filter, added to the stock for the nitrmte 
bath. 

The strong solution of silver is oftcner rather alkaline tbui 
acid to test puper, if this bo the ciue, add a few drops of a soluUoti 
Mntaining 1 drop of glacitU aoetic acid to I draobm of distiUad 
water, until the leet paper remains Htigbtl^ reddened, or the saOM 
proportions of nitric acid in water may be used ; the latter oftm 
works remarkably well with the bromo-iodized collodion, not 
giving intense, but remarkably sharp clean negatives, permittiiig 
of a rather longer exposure to the strong sunlight withoBt 
staining, and coneiderahle intensifying (qualities without blucUng 
out the finest lines. To keep up the strength of this tiitnite 
bath, add occaaionally a plain solution of rcorystalliz^d nitrate 
of silver in distilled water, in the proportions of 40 graing to tbe 

It is desirable to keep this nitrate bath perfectly free from 
dirt or such bodies as are likely to injure it. As there is ooB- 
siderable difficulty in obtaining the gutta-percha baths withonC 
impurities, and the porcelain ones are sometimes too poron^ k 
vertical glass bath with cover is much to be preferred. It iB 
often useful, after a full day's work, to pour the nitrate bath into 
a dean bottle, allow it to settle in this, and then carefully docant 
the olear portion into ihe bath, after it has been washed out, and 
filter the remainder through a washed paper filter, making up 
the strength, if necessary, by the 40-grain solution. In this ny 
there is less likelihood of spots, pinholes or deposit on the 
transparent shadows. 

This bath in winter can be made stronger, and in summer m^ 
be allowed to fall a Utde lower. 

S63. Of the DevelopIiiK Solutions. — Preference is given to the 
fonnnla containing the protosulphata of iron, or the doublfl ■ 
of sulphate of ammonia and iron. 



J 
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CryBtaUised prolosulphnte ot iron crushed, 300 grains. 

GlaciaJ ocetio acid, 3^ lo 5 drachms, or, 

fieaufoj's acetic acid uf 30° per cent, 10 to lH drachiue. 

The amount of 10 oz. is to be made up with pure water, then 
6 or 8 grainB of acetate of eoda are to l>e added, and the fluid 
filtered. More iron should be added to this deTeloping solution 
in the winter months. It is best when a few days old. At the 
time of using, to make it flow freely on the surface of the 
colodionized plate, add of ordinar; alcohol from SO to 30 
minims to each ounce of deTeloping solution, according to tiie 
condition of the bath. 

The intunsifyiug solution, useful for deepening more fiill; 
many of the details brought out bjr the iron developer, oonEdste 



No. I. 



I 

I 



Iodine, 3 grains. 

Iodide of putaaaium, 6 gmioa. 

Water, 3 ounces. Mixed. 



No. 3. ^rogallio developiog solution, as made with aoetic acid. 

Pyrogallio add, 1 J to 8 graina 

Glacial acetic acid, 20 minims, or 

Beaufoy's acid, 1 drachm. 

Distilled water, 1 ounce. 
This is best when freahl; made, or not more than a few days 
old. 
No. 3. Pure nitrate of silver, 30 grains. 

Distilled water, 1 ounce. 
No. 4. Pure nitrate of silver, SO grains. 

Citrio acid crystallized, 31) grains. 

Diisolved iu distilled water, 2 ounces. 

8M. The Fbdng Solattona may be made as follows : — 
Uyposulphite of soda 4 oz., dissolved in 4 oz, of water. Using 
it repeatedly until saturated with the dissolved out iodide and 
bromide of silver ; but we prefer a fixing solutiou mode by 
diBBolving about — 

8 grains of cyanide of potaasium in one ounce of water. 
It should be marked poisdh. Ab this substance varies in its 
■•trengUi, the aulution should be made so as to clear the plate 




in a gradiiiO manner in from one to one utd h&if minuteB, f 
not Eo strong as to destroy the balf tonea. The some 
CBU be used repeatedly, or until rendered, by using, too weak. 
should not be kept exposed to the air. 
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This is naturally divisible into three distinct etages : 
ing the image ou the sensitized ptate ; 2, reDdering it vi 
and 3, obtaining a print upon paper. 

266. Oleanlns the OUiMm Plates. — The gIa£B plates, whetltc 
" patent plate." nhich is the best, or of " polished flatted orom 
are first to have the sharp edges removed hy a grooved rougfam 
stone sold for the purpose ; this is best done under a gentle t 
of water from a tap, that the particles of grit or dust d 
carried away : the plate is then dropped into a clean pan < 
taining a hot solution of nnshing soda in rain or soft « 
After lying in this for a little time, they are singly waabed a 
back and front with a pledget of tow ajid a saturated ei 
washing soda, then dropped into clean hot soft water, 
the plates have been treated in this way, they an) taken <f 
draia, the water thrown away and fresh hot water ponred | 
the vessel. The plates are singly dipped under the surbce o' 
clean water, then wiped with chemically clean linen clotbiy 4 
as old napkins, one covering the left hand on which tiie | 
reets. the other being used to dry and polish the plate. 
oluths are not to be imahtd with soap and water, but to ba l4 
washed out in liot loft water, containing a little soda, tbea M 
rinsed in fresh water and dried. 

It is well to keep a stock of plates thus partially pre 
To further clean them, examine the plate along the edge, ■: 
any very slight curvature eiist, let this be taken as the si 
on which the collodion is poured. Select three chemically d 
dry cloths, fold one into double thickness, and on it hold ) 
plate in the left hand, face down ; with one of the other d 
polish well the back, breathing on it from time to time \ t 
turn it &ce uppermost, have a little old collodion which n 
slightly weakened with alcohol, place a pledget of clean o 
wool iu a small cleft stick or whalebone, dip it into the 4 
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tmltodion, pass it quickly and well ciTcr every part of this aur&ce 
«f the plate. Witli the same cloth that polished the hack, rub 
this off brialilr. then with tho other dean cloth finish off the 
polishing, so that when breathed on the surface may present a 
uniform dull appearance without any streakB ; eet it face down on 
& clean sheet of foolscap paper, or in a grooved weU-cloEud plate 
box, the finished faces all looking one way. Thus prepare the 
number of plates required for immediate u»e. If to be kept a 
lew hours, wrap them up :n another fold of paper, place them in 
a dry drawer, alwaj's well noting which ia the perfectlj cleaned 
nirfaue. If of a larger eixe than 6 inches square, it will be more 
couvenicDt lo clean them on a proper polishing board. Cleanli- 
ness in this, as in the succeeding stages, is absolutel]' requisite. 
If DO old collodion be at liaud, a polishing liquid may he made bj — 

Howard's precipitated magnesia, 80 grains. 
Strong liquor of anunooia, j drachm. 
Alcohol, 2 ounces. 

This, however, requires to be most carefully removed, in the 
cleaning, from the edges of the plates, or they would soon render 
the bath alkaline. 






S66. Azntnginer the Camera. — Supposing ttie form of appa- 
ratus recommended by Dr. MaddoK lie selected, we proceed as 
follows : — A room is to be chosen which has a window with a 
sonth-west aspect, or at least one where the sun's rays euter the 
greatur part of the day. The end of the apparatus is placed 
ikgainst the opeueil window in such a manner that the face of the 
prism is directed at right angles to the incident rays ; tho legs of 
the triangle are set apart so that the whole stands firmly on the 
floor. The object being fiied on, it is first carefully examined 
under the compound microscope, and if of any depth, the part in 
strict focus when the best general character of the object is 
attAJued, is well noted, The objective likewise being determined 
on, it is to he screwed into the adapter of the arm of the roicro- 
scope. The achromatic condenser is to be placed in the fitting 
on the under surface of the stage-plate. The blackened card 
diaphragm, according to the size of the field desired, is to be 
fixed in the diaphragm frame that works to and fro in the out in 
the back part of the camera chamber, and the prism so turned 
that the sunlight be tlirown on the ground glasa-soreen. Then let 
the stage be brought up to the posidon it will occupy for the objec- 
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live to be in focus, when the object slide is in ritu. TIta w 
Qie prism is now appnrent, for standing with the faw U>wi 
convex surface, nnd turning it on its own parallactic niotioii, Ui 
intense image of the sun is soon found, asit were, on that gnrikoe: 
Uie prism is then to be so arranged that the reflected imsgai 
&om the lens or lenses of the nohromatii; condenser and of the 
objective, fall oentmlij on this sun's image. If the field on tlw 
grouod glass now appears cqnallj bright in all directionj, Hbm 
ftchroniBtio condenser is slightljr altered, to see whether uijr 
incretwe of illumination aocompany the change, if not, it ii 
returned to its previous position. Should the images not M UI 
into the image of the sun, seen on the sur&oe of the prism, tttmt 
alteration must be made in the part which seems most at bolt ; 
but when thej all foil ioto tt, and the distance of the nrisn if 
such that its converging rays just cross before reaching tlig 
object, the prubahilitics are that the centering is correct. If Uie 
prism will not cnrrj a cone of light sufficientlj 1arg<e and bright 
for the lowest powers, as 3 inches, then set it aside aud trjr t^ 
plane mirror. The object, if in the ordinary 3x1 inch slid^ ■ 
now placed on the stage, the camera bellows-bodj shut up ; Om 
whole apparatus is covered with a large focussing cloth of blatdt 
cotton velvet, except the parts to be exposed to the light, Um 
right hand is applied to the slide, and the cjes directed to the 
ground-glsas screen under the focussing cloth ; the object is Dov 
placed nearlj as passible in the centre of the field, aud tht 
approximate adjustment made. When once the distance betweoa 
the objective and the object has been noted, with the camera 
nearlj shut up, the stage can be made to slide npon the support 
and clamped there, ntid the fine adjustracnt left to perfect the 
focus. If by any change io t)ie stage a dimiuution in the intai^ 
atj of the illumination should occur, then alter the rack-work of 
the condenser and the prism until the l)est effect is produoed, lor 
the proper position uf the condenser is a very important one, xai 
often more trouble to arrange than the fucns of the olgMlr 
glass. The object being well centered, the field perfectly bright 
Kcd uniform, see that the velvet collar around the micto- 
■oope tulie abuts climtly against the aperture iu the door of tlta 
vertical frame ; now withdraw the camera along the basG-boftrd 
from the near end, and oluse]}' watch the eulaigement ; when thia 
is determined on, fix the caniera hy the wire pins to the nearest 
hole in the two wooden guides, 8u|ipoElng this to be at Ui 
easy working distance,— watch the image oil the ground gUu 
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thnrngh the focuaaing eye-piece ; turn the gntdimted milled^ 
headed screw of the fine motioii until the flume point ae yraa pr«- 
viaual]' noted is brought iiittf a sharp fixnia. Should the over 
correction of the lena not have been oarefull^ oorreotod by a hock 
long, aa previonaly advised, proceed to make the neoewary allow- 
anoe, which experiencehasdetennined, by turning hack theaorow 
of the fine motion, the number of divisions or parts required as 
marked on the milled head. If not known, commence the experi- 
ment as before stated (5 239), and note the particulars. A card 
covered with black cloth or velvet, with its lower edge turned at 
right angles and deeply notched, ia now rested on the atem of the 
microscope against the end of the achromatic condenser, facing 
the prism, and this latter protected by a thick fold of chamois 
leather from the aun's rays. Onre must be taken that neither 
mirftkcc of the prism ia aoiled by vapouf nor finger marka ; nor 
must the concentrated sunlight be permitted to remain longer on 
the objnct than ia actually required in focussing, or it may 
become nncemented, and if not iujuced, it muy slip completely 
out of the field. 

Thia apparatus, if used in the open air, could have the micro- 
scope end to move instead of the Munera, but thia method is very 
iooonvenient, when used near an opou window, from the difficulty 
at times to place the priam outside the plane of the window or 
in itfl beat position. 

If the higher powers be used, needing the screw adjustment 
for the correetiou of the error introduced by the thin glass cover, 
we find it beat to make this as nearly as we ca.n when examining 
the object in the microscope, then testing, with the collar set to 
that figure, the image on the ground-glaas screen. If the image 
bere seems moderately sharp, under the tieat focussing, a trial is 
made by shifting the collur a very little and watching the appear- 
ance of the image ; aometimea a very trivial alteration will bring 
out fine markings much more distinctly ; the focus, if this be the 
eaae, will also often require its readjustment -, hut before making 
this, it will perhaps, if only trifling, be aa well to test a plate, 
when, should the negative l>e found defective in the parte moat 
aharply focussed, try another, withdrawing the objective by the 
milled- headed screw. It is often in this way thut the qualities of 
an objective are rendered evident ; in fact, it often becomes very 
troublesome to ascertain these points for a variety of objecta and 
I covers. Assuming that the plane of the greyed glass acreeu, and 
1 that occupied by the aenutized plate, are ttrictly alike, if the 
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second image b« nut of fooiis, test agnia with the appueittd 
sarj uhango learnt Iroin a cltise eiaiDiiiatlon iif the ne^ttTI 
the imago on thu screen. When once correctly foundi i 
diviaioD of the screw collar and the diitance in inches s 
the camera etauds fixed hy the pegs, and seen h; the Sgv 
the giiidoB, as necesaary for that objective used at i 
diatnitce with sunlight, and for objects covered by glaa 
substance. If the distance be much altered in phot 
that object, the chances nre, that another reudjustmenl vi 
to be made in the screw collar to attain the be«t negative 

Dr. Maddox remarks, that wheu the edges of objects and) 
higher powers present, ou the grey glass screen, a faint t' 
claret on the one aide, and of apple green on the 
great sharpness will often exist in the negative ; the ei 
pairs of lenses balancing one another as regards the actinic j| 
The roughness of the screen will not, in many cases, permit q[ 
eye detennitiing under sunlight the best focus for the i; 
marliiugs, but hitherto nothing has been found n 
serviceable than the Jiatty ground surface. 

Should the object be situated any distance from t 
covering, i. e., have much of the mounting i 
within that space, although the objective may visually a 
work fairly through the depth, it is seldom that the 
the image proves satisfactory. It is far better 
object, or select another. Indeed, for the liner work, it it i 
tageoua that the objects should lie closely on the undersi 
the thin cover, and if, of the diatomaceous class, they il 
dried on it before being phiced on the drop of balsam wara 
the glass slide ; this may likewise be thin, and certainlj a) 
not be thick. If there be any vibration from unsteadineu ti 
apparatus, or from wind, the operation of determinuig tha I 
focus will prove very troublesome. 

267. Inaerttnc the Plate. — TheEuitablesiied plateof pi 
cleaned glass being selected [and the materials required t 
aet at hand in the dark room or portion of the chainber,'^ 
large cupboard, darkened off for this purpose, and lighted h 
small oil htmp with yellow gbss shade), the plate is held by tbA 
sides betwceu the lingers and thumb of the left hand, face down, 
the back wiped carefully uver with a dry wide flat camel hair 
wash tool, to remove small particles of cotton or dust; then taken 
hold by a pneumatic holder in the centre, and the &ce dusted 
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over with the brush. Before taking the holder id the left hand 
see tha( the neck und Up of the collodion bottle are perfectly free 
from KDj portions likelj' to be carried on to the plate bjt the 
rtream (the Gnger is commonly passed over these parts to clear 
them away), pour the oolodion with a atendj flow on to the plate, 
a little nearer to the left hand than its centre ; while flowing, 
depress the lower and upper left comers, gradually, to bring the 
collodion fairly to their edges, at the same time that tho pool is 
being increased by pounng, and then lower the plate t« flow the 
fluid to the right further comer, and pour ofl' at the lower one 
into the bottle, resting the sides of the angle on the lip, and 
rocking it keep the plate slightly inclined ; drag off, as it were, the 
lower part i^ainst the nock of the bottle, close it, and hold the 
plate horiiontolly by the pneumatic holder for 10 seconds to 
j a minute, or even more, according to the setting quality of the 
collodion : if this be slow, it will be better to rest the holder on 
some flat place or shelf, that the warmth of the hand may not 
cause unequal evaporation — once seeing this well done is better 
than a lengthy description. Detach the plate from the holder 
and place it on the fluted gtoas dipper, to be plunged at one 
gradual stroke into the nitrate bath. Here it is allowed to 
remain for 1 minute, then raised and lowered several times so as 
to wash the surface well, and permitted to remain in the bath 
for one or two minutes longer, when the dipper with plate is to 
be steadily withdrawn ; the plate removed, and rested by its lower 
edge on a pad of clean blotting paper, the dipper returned to the 
bath, and the back of the plate wiped with a pledget of clean rag, 
being gently steadied by the top corners between the thumb and 
fingers of the left hand, which must be dry and clean. Open the 
book of the plate frame and place with the right bund the plate 
into the frame, which should be dry and free of dust, face down- 
wards, close the back, cover the trame with a large piece of black 
calico, and carry it lower edge dovm to the apparatus, rest it 
against the wall or table. Be-ai^ust the prism, remove the 
focussing screen, having glanced at the image on it, set the 
covered card against the achromatic con denser, pass the slide bolder 
under the focussing cloth ; into the position of the greyed screen, 
li/t carefully the shntter of the frame, the hands being under 
the cloth : — let all remain for a momeut or two that vibrations 
may ceaae, snatch away the card without shaking, and replaoe 
it quiokly, allowing a period from half to £6 or 3S seconds for the 
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imsge to be impressed : tiie time must bo learut bj' practloe ; 
oloBe the shutter gently, withdmtr and replace tliii fnuii« iu tht 
cloth, piksa the focussing sctdcd into ite place, again eiiatch timf 
the card and observe the image, theo cover the prism aiid reConi 
with the slide bolder to the dark cupboard, »ud proceed to 
develop the picture. The reaaon for the re-ohiervatiun of Um 
image is, to see if the object and its focussing have not bwit in 
any way deranged, so that if tbo development brings out a good 
image, it can be repeated without the neccBsity of retaming t« 
the camera before the Eecoud plate is read;. 

S68. DeTtiloplnff the tnage. — i>et us suppose the plate to ha 
a small one, firdt see that the nitrate bath is eart/nJljf plaemlovl 
of eke vai/ of all splaiha, pour into a clean developing glaaa n 
ounce or more of the iron developing solution, add the ttecemuj 
quantity of alcohol, and mix : remove the ptate from the bnMv, 
rest it face up on a levelled developii^g stand set in a large huna 
or pan, clip the left, hand opposite oorners between tie fiugor WoA 
thumb, and commence the second step by flushing the mirlMa 
with some of the iron solution ; tip the {tlate about that llw 
liquid may quickly flow up to all the edges, then move it gtall; 
about on the top of the stand : the light from the protected Ijunp 
fidling nicely ou the surface, watch for the appearauoe of tlw 
image ; this, if all be correct, will increase steadily up to a 
certain point, when, if left longer, the plate will begin to grey all 
over; just before this would take place, or according to eiperieno^ 
tip up the plate to throw off the developer, examine it 
momentBrily before the lamp, and if the image appear nicely Mi 
iu the detail, flush the plate well with water to remove all Um 
iron- Now examine the plate more carefully by transmitted 
light from the lamp with yetlow shade, and judge if It be woHb 
continuing the other operations ; reflush again with water, poiir 
off, and now pour on the fixing solutions— we give Che prefer«nn 
to the cyanide of potassium— pour this along the thickened put 
of the collodion, let it pass over all the plate, and in a tuinut*^ or 
a little more, the plate will be cleaned of the unaltered bromo- 
fodide of silver. Wash well front and back with clean eomtnon 
water from a jug, or small tap, protected by a piece of flaniud 
tied loosely over it, drain the plate for a moment, and pour on it 
along the edge sufficient of the intensifjing solution of iodo-iodlde 
of potassium, to well cover the sur&ce ; allow this to remain on 
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the plutc until the grej color of the image ptwsea to & vnrmer 
tone (two or four raiuutea or more), pour off the fluid, cwry the 
pbte to the light, ei&miiie it qaickly vith a hand maguiticr ; if tt 
non has the appearance of being well in focua. return to the closet, 
wash the plate nell with common, then ctuan with fresh rain or 
distilled, water ; lot this stand on it whilst you puur inl« another 
clean doreloping glass about 2^ or 3 drachms of the pjrogallic 
solution ; add to this from S to 10 drops of the 30-gratn nitrate of 
silver solution, and 3 to 4 drops of the oitro-silver snlution, mil 
these b; well twirling the hand holding the developiug gloss, 
pour olT the water from the plute, and carefullj pour on along 
the edge, or corner, this mixed flaid, so as to flow to the edges ; 
rock as before ; after a brief period, scuording to the appeaiftnce 
of the image, return the fluid to the developing glass and pour on 
again; repeat this several times, just holding the plate in the 
intervals between the eye and lamp to judge of the increased 
intensity, which, when it appears sufficient, should in the darkest 
parts permit the Same of the lamp to be just seen through them. 
Now wash well with water, tinigh with a little toft water ; with 
a small towel wipe the back, and set the plate to drain in a plate 
rack, attaching to the lower corner a small piece of blotting 
paper, or the pinto can be dried ofl' at once over the lamp. It is 
Bomotimes difficult to judge of the real intensity gained 
iiuder this treatment, when the image is observed by the light 
from the protected lamp, therefore, after the flowing over of the 
iodide of potassium solution, the remainder of the operatiooB can 
be conducted by the direct light of the small lamp. 

Should the development have been carried a little too far, or 
should the fine transparent markings appear thickened or 
clouded, before setting up the plate to drain, Bush the plate with 
a mixture of equal parts of the c<faoide and iodide solutions and 
distilled water, then well wash. Under this treatment many of 
the minute spots and half toned points become remarkably 
brightened. Some prefer to intensify befure using the cyanide 
solution, by, first, under non-actinic light, after the iron developer 
has been aell washed from the plate, pouring on the pyro solution, 
returning it to the developing glass, then adding the mixed silver 
solutions and repouriiig on and oft' the plate, until the image has 
been brought up to the ncoeuary intensity, when it is to be well 
washed and then treated with the hypo fixing solution or the 
cyanide. These are returned to their vessels (short wide-moutbed 
V 2 
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fcdlHii m fttf m temnwiaO), ami eaa b« mbI amt a 
ifdo, adAig frvk quttrtirf m occMoa bhi 
cue «f tfat ^faaode MbiMM, il naat Ht be left expoaed, & 
Imm efaaoeeo, and the «»p«n> an Weteritoa. Keep d 
eoWiiiwiny «ip«d ia thcae opentkna. If the phlc,al 
tffUeUkn dt ilie irat acbdaon tad cTmiude nlotHn, ii 



p of k too datk kad mufixB 
r of being out of bene, H viU not be 
to [■ i ioui d to further dew at ope H: waA it jAdearrr it tett* 
li^t, examine it with the band magniSer, a* womt put. not that 
tftattij Cbcuaaedi, us; appenr the (harpert and tern 
the all«tstioii required on re-foctunng. If aay 
■hoald have entered, throDgb defects in the cat 
vertical frame, or from the •lide-holiler, or nben 
plate in the dukened cloaet, or before applTiog the Hdag 
aolationa, or if the nitrate bath and chemicalt be not in |iii Juul 
condition, the plato when cleared will appear fagged or auatj, taA 
not jield good prints. 

Generally it is adviaable, when the negative is good, to tab a 
■eoond one ondcf the same arrangements, onlj re-arraagtnc tit& 
priam ; aeldnm can the exact reUtions be re-established, and after 
the rendering of another negative, it may be found tliat the GtliB 
alteration in the liliuninution, not visible on the screen bk As 
eye, baa given a mure perfect character to the image, or tbrtbtr 
derelopedsomeoftbe finer markings. Itisalsomost convenwBtIo 
follow up the opemtiong, by tak ing photographs of the oljeotattHit 
are most suited for the present arrangemeut of the camera and l(a& 

am. Varnlahlng the PUta.— When the plates are dry, cleaa 
off the edges with a damp clotb held on the forefinger nul, wipS 
well the back, and hold the plate before a clear fire until 
moderately warm to the back of the band ; take it by one coraer 
and pour on the varuish (8oehn6e we employ). Allow it to flow 
freely over the surface and remain for half a minute or leis on it^ 
then pour back the surplus into the bottle from one comer, not 
rocking the plate ; let it drain a little, then hold the plate towwdi 
the Ore vertically, the edge from which the vaniish was ponrad 
being downwards, and wipe this edge with a pieue of rag b> 
prevent a thickened line from being formed and t 
inwards as the plate dries. 
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270. Of OleuilnB Old Platea. — The soiled and need platef con 
be cleaned bj the fresh use of wttshiog soda ; and those vnmished 
ean often be easily cleaned by being allowed to soak in a very hot 
atrong solution of this substance, or rubbed with a pledget of 
tow dipped id nitrio acid ; but to be re-used they must be 
oleaned with great core. 

S71. Of iiioreaalnr the Intenalty of the NegatiTe.^There ie 
much difEcultj to obtain a clean dense negative, that shall 
preserve distinctness in the finest markings, and when the 
attempt is made to procure greater intensity by the intensilying 
prooeases, the fresh deposit of silTer, with the apparent shrinking 
of the collodion in drying, will olteii so completely close up these 
lines, that their definition becomes lost in the print. To 
endeavour to still preserve these and add priutiug intensity to 
the negative, some employ a solution of bichloride of rooroury, 
IKMolve in distilled or soft water, 2 oi^ lagrains ofthe bichloride of 
mercury or corrosive sublimate ; label the solution Poison. After 
dereloping with iron, washing and continuing the development 
with the silver and pyro solutions, Riing, and re-washing, 
the plate is flushed with the sublimate liquid (which is allowed 
to remain on, until the image becomes of a dark grey colour i if 
the solution be used weaker, 2 grs. to the oi. of water), then well 
washed, and recovered with a weak solution of iodide of potassium 
from 1 to 2 grs. to the uz. of water ; this will give the image a dirty 
grej or green tinge, which will often dry of a darker colour. The 
bichloride can also be used after the iodide of potassium solution 
has been washed oiT, and after washing off with water, the plate 
may be covered with an ultt weak solution of hyposulphite of 
soda, or a few drops ofthe strong liquor of ammonia in half-a- 
pint of water. In oases in which the bichloride has been used to 
add to the intensity, the negatives, when dry, often present a 
remarkable sharpness ; but it is no uncommon thing to find that 
when the plate has been dried, spontaneously even, the moment 
it is handled the collodion fiies and cracks often into the image ; 
to prevent this it is requisite ia pour over the plate, after the last 
washing, a weak mucilage or gum water. In this ease care must 
be taken to well dry the plate prior lo varnishing, as gum ia to a 
small eitetit an absorbent of moisture. 
I The third stage tn tlie manipulation closes with the prodaotion 

^^Lotthe image on paper, tectuu<^y called Printing. 
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Mtne liie, into the first pour filtered run water to the depth of 
half on inch, into the seooDd d dmilar quaatitjr of a 
Into a third dish, irith deep sides, pour about a quart of ^ 
and half a drachm of the crystallized acetate < 

Remove the prints and float them face down on the m 
the first dish, — when the surface ia covered, gently tip the d! 
wave the water acToea the printed eurfaoe without wettiu 
backs of the priats. After ten minutes lift thimi singlj. ■ 
aoroea the wet side with a clean glass rod, then float them M 
on the water iti the second dish ; rulaj the first, and at t 
of a like period treat the prints from the second diab ■ 
and push them into the water in the third dish— here keepfl 
well stirred about and under the turfaoe. In this the| 
remain half an hour. Some merely wash the prints 
quantity of trater. 

—The toning solution is prepa 

8 drachms of distilled water. 
7j grains of chloride of gold. 

1 drop of hydrochloric acid is to be added to 
solution, which must be kept in a stoppered bottle in 

The albumenized paper having been prepared, pour 
of the gold solution into a clean developing glass 
and add one ounce of distilled or soft water. Into another 
glass vessel put half an ounce of soft water, and fi grains of 
bonate of soda. Part ofthesudasolutiQU is to be added to thegc^ 
gradually, stirring during the time. The solution is tu be test«d 
with blue litmus paper. The addition uf soda solution is t4 Im 
cautiously continued, until the paper is do longer reddened. A 
drop or two more of the soda is then to be added, and the 
neutralized solution of chloride of gold poured into a clean 
small flat dish, and mixed with about 8 ounces of soft water. 
Set this near to the window screened by the yellow curtain. 
Remove the washed prints from the third dish, wipe them baok 
and front with the glass rod, and lean them against the inside 
walls of the dish to drain ; then remove them and pass them into 
the toning solution. Here they are to be kept in motion i as thojr 
appear to darken, just lift the curtain aside and uot« the 
they have asaamed by daylight, but they must uot 
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exposed to the light anj time, or the white parts vrill he iqjured. 
The other dishes ihotiJd likewise be attended to nnd covered over 
with ft sheet uf paper to keep the light from them. When the 
printe appear to have the deeired tint, from a warm brown, 
through neutral tint to nearly block, begin to remove the most 
toDed, wipe them with the rod and paaa them into a dish of clean 
water. The quantity of tlie toning solution prepared, must be 
in proportion to the size and number uf prints. 

The unaltered chloride of ailver ha^ new to be removed from 
the paper. 

874. Another Toning Solntion. — One grain of chloride of 
gold, or 1 drachm of the solution, ia to be neutralized with 
bicarbonate of soda in or lu ounces of soft water, then half a 
draohm of the cr;stallixed acetate of aoda is to be added. This 
is to be used the da; after making ; it keeps well, and eau be 
strengthened bjr adding fresh Ijr-niade lulution prepared somewhat 
stronger. Occasionitll]' the neutral or alkaline solution of gold- 
bath will not act ; but if the dish tte set over a jug or basin of hot 
water, the toning action will commence, or a few drops of the 
chloride of gold may be added. Oood toned prints have also 
been produced bj using the weakened neutral solution of gold 
and soda for the next lot of prints, adding some fresh solution of 
gold. Other toning soIutioDS are made with biliorate, or phoB^ 
phate of soda ; also with chloride of lime. If the touiikg 
solution with acetate of soda be employed, it will not be necessary 
to use the acetate in the third dish of water. The object is to 
remove ail the free nitrate of silver, that the gold bath may not 
be speedily decomposed. 

27B. Pixlav BaluUan. — The fixing solution is made byputting 
into a gutta-percha dish, kept for this purpose only, according to 
the sixe and number of the prints, — 
2 ounces of hyposulphite of soda to 8 or 10 ounces of soil water. 

As n precaution, in case the hyposulphite should be acid, a 
small lump of chalk or whiting ia to be added. Remove the prints 
from the water, drain well, if convenient, against the sides of the 
dish, then pass them singly into the fixing solution, keeping them 
there, in the case of a thin paper, for 10 minutes, and a thick 
I J»per for 15 minutes. They must be kept in motiou. These 
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different prooesses shooJd be caaducted more o 
so KB not to lo«e time. 

When the pKnta are removed from the hyposulpite, dra 
then pass theto iuto » Tensel of clean nater, which i 
changed often during the firat hour, draining pom 
tirae. They may then he left for 6 hours, the i 
changed perhapB ever/ half hour. They an to be fini 
Bo&king them for a short time io hot water. After thi 
pinned up as liefore, and a piece of bibnlouB paper a 
the opposite end, so that the fluid may be drained off q 
The hyposulphite aolutiou should be used when freahly made. 

276. Of UotmtinK the Prints.— The printB when dry are ua- 
piimed, preBBcdinaboolc orirnoed un the bacb, theu trimiaed, and 
usually inonnted on card, first laying them in the folds of n damp 
cloth, and the cards in another damp cloth. When the priuM 
lie fiat, they are to lie removeil to a clens mrfuce of pBiper, and m 
stiff brush with thick mucilage from dextrine, or thick white 
starch paste, passed once over the back of the photugmph, whieh 
is then placed on the card in the desired position. A ulwui &M 
olotfa is passed over it, and the print pressed vqualty all ovw. 
Some use tliin Scotch glue instead of mudlage. 

Wlien the cards are aeatly dry, they should be paseed th wo^ 
tlie rolling press. 
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To enter more fully into the particulars connected wit&~« 
branch of thia study would be beyond the limits of this W( 
To those who desire more explicit information I must refer to 
different works written on photography, especially to tho eieel- 
lent manual of my friend tho Bev. Mr. ^a^dwieh. Many iui!&l 
hint« will he found iu the " Photngraphic Ncv!t Almanaek" for tin 
current year. The appended list of reference is, I believe, tbc 
most perfect which lias yet beeu published ; for this I Lave sJso to 
thank Dr. Maddos. In this department of microBoopical woric 
there remains much to be done, more particularly in reference Io 
the use of artificial illumination and posaibly the emplojtnCBl 
of the polariscope. This application of photography is somewhEt 
limited, because it is not possible to obtain objects upon widaljr 
differing planes in focus at the same time, but if a 
selection of objects be made, far greater accuracy i 



-fflTB THS VirSOflOOPB. 



1S7 



deliiiMtioii of minate pnrtB will be gained than the draiightamaii 
UMt poBtiUj obtain. 

Photograpka of Mieroicopie ObjrcCa for the Mai/ie Ltintem. — 
Although no meanB are yet kaoim by which a miuute object 
robgiiified by the faigher powers of the microscope can be thrown 
upon & screen so as to be seen by a number of persona at once, 
almost the same result has been obtained by mngniryinf; the 
photograph of the object in an oxy-hydrogen uwgic luiteni. 
Mr. Highley has been very successful iu carrying out this object 
(*« his paper read before tbo Society of Arta, January 14th, 
ieC3). 

As these photographs abound in delicate detail, an oty- 
hydrogeu or electric lontum with achromatic lenses is necessary for 
their proper display. The lantern and arrange men ta for producing 
the light are Hhowu in Plate XLVII. Fig. 219. The lantern 
ihould be made of old seasoned mahogany, so that warping 
may not be produced by the very intense heat of the lime light. 
Behind the spring stage, which carries the photographic slide, is 
placed a combination of two lenses, 4 inches in diameter, called 
" the condenser," its otfice 1<eing to concentrate the light emitted 
by s cylinder of Hme rendered incandescent by an ignitud jet of 
oxy-hydrogen gas, upon the surface of the photograph, through 
which it paasea, and then converges upon an achromatic com- 
binaUon plaoed at a proper focal distance in front. The rays on 
passing onwards diverge, and the enlarged shadow of the photo- 
graph is projected upon an opaque or tranEimrent screen. By 
this means oU the details of an object less than a pin's point in 
mxe may be shown with perfect definition, twenty feet in diameter. 
The hydrogen may be obtained from any house gas-supply by 
uinply connecting the tap of a gas bracket by a pieue of flexible 
tubing with the hydrogen tube of the jet. The oxygen is 
obtained by heating a mixture of clilorate of potash and oxide of 
manganese in a proper retort, and collecting the gua in a wcdge- 
•haped gas-bag, after passing it through a washing bottle to 
purify it. The stopcock of the gas-bag is connected with the 
oxygen tube of the jet by flexible tubing. The jet is so arranged 
that it is impossible for any accident to occur in the ibapH of an 
explosion, the gases only being combined at the extremity of the 
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Ditto, Oot,, 1BS3. Ditto, Wenham. 
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The Brit. Joum. Photo., No. 15, Hot. 1861. PracUoJ 
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Ditto. No. 160, Feb. 15, 1863. Photomicrography. 

Ditto, No. 103, Ap. 1, 1862. Microscopic Photography. 

Photographic Times, Ap. 15,1862. Neyt. The Brit. J< 
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soopic Objects. Haddoi. 
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Ditto, No. 192, Jan. 16, 1663. Photomicrography a{ 
Educational purposes. Highley. Ditto. No. I S3. Feb. 3, 1893. 
Ditto. Ditto, No. 185, Mar. 2, 1863, Ditto. Ditto, No. 187, 
Ap, 1, 1863. Ditto. Ditto, No. 197. Sep. 1, 1863. Photo- 
mtcrugrapliic Camera. Eden. Highley. Ditto, No, 21.3, M»j^ 
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Lond., Ed., and Dub. Philoa. Mng,, June. 1863, and SparUng'* 
Photography, Orr's Circle of the Sciences. Kingsley's Amuage- 
ment for Ox, Hy. Gas Camera Lautero. A review in the Me4< 
Chir. Review, July 1 at, 1864, 
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CHAPTEE X. 



Nbw Mbthoss op Pkbpabation. Ob STitxiso Tissues. 
— Proeesi /allowed Jy lh« Sev. Lord S. Q. Onbomti — 
Oi'rtacli't Method of Staimtu/ — Thierack'a Melhod — 
TkUnch's Lilae Colouring Fluid — AntUn Colour* — 
Blae Colour* for Staining — Tannic Acid — Solution* of 
Jfitrale of Silver— Other Melallie Salts— Modification of 
the foregoing plan*. The ArTttOB'a new Method op 

PHKPAEATIOlf FOE Ex&UINIIfU TlSSDES WITH TUB 

HiOHEST PowEES. — CondUi&ni to he falfilled—AetioR of 
Olyeerine and Syrup — Th» Injecting Pluid^The Oarmine 
Fluid — Other Qilouring Solution* — Olyeerine and Aeetia 
Acid — Chemical Reagent* in Qlgeerine — Aeetio Acid 
Sgrup — Potaeh and Soda in Olyeerine — Chromic Acid 
and Bichromate of Potash — Of the advantages of fuicid 
media for the Ditsection of Tissuee — the praiiical 
method of preparing 2Vmu«* for examination with the 
Highest Pouters — (^ the preparation of Hard Tissues — 
AVto Theories relating to Structure and Growth arrived 
at by this mode of ineesligation. 

la this Chapter I propose to give a brief aocoont of some of the 
methods employed for stttlniDg tiBaues, and to describe in detail 
the special method I haie myself found it necesB&rj to adopt 
in CATTTing on investigations upon the structure of various 
textures with the highest powers of the microscope yet made. 
By this process, sections of every tissue may be prepared so th&t 
they maj be examined by powers magnifying 2.000 diameters or 
more, and vessels may be injected and displayed in the same 
lections as other tissues. 

Tliis part of the subject, although of the greatest importance 
to the wore advanced student, may, nevertheless, be studied by 
bepnners who have honestly gone through the tables at the end of 
the volume. After the elementary principles have been mastered, 
the sooner the observer becomes familiar with the process of 
staining tissues, and the principles by which exceedingly thiu 
sections may be obtained, the more quickly will he be iu a con- 

kdition to commence original research, and to improve upon the 
methods of iuvest^tion now in use. 
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Of Stusiyg Tissues. 

The pbin of suining tissaes artificiallT, is one from which 
the greatest advaotagea hare been deriTed alreadj', and 
it is quite certain that, bj modifications of the pi 
now emploTed, new and most important facts will be 
dated. This process of staining is one of the most Tmlmible 
additions to our means of investigation that has ever been 
discovered. But it has not been sufficientlj pointed out 
that the process of staining maj be employed for verj difTeient 
purposes. 1. For staining the tissue or formed material 2. For 
staining the nucleus or germinal matter. Neutral, acid, or 
alkaline fluids, will effect the first ; but alkaline fluids, which 
possess considerable penetrating powers, are specially adapted 
for the second and most important object (see my ^ Lectures on the 
structure and ^owth of the tissues," May, 1861). An alkaline 
solution of canuiue passes thronoh ih*t ti*.*H^, corues iuto ontact 
witli the gerrniual matter, by the acid of which it is decomp»>se(l. 
and the carmine is deposited so that it cannot l>e soaked out l«y 
the action of glycerine, as it may be from the matter of the 
tissue. Hence, in all cases, by taking certain precautions, we can 
always distinguish in any given tissue what parts are living and 
growing, and what parts have already been formed and have ceased 
to undergo vital changes. This matter is further considered in 
§ 303. 

278. Process followed by the Bev. Lord S. G. Osborne 

Welcker was, I believe, one of the first ohscrvers to employ 
a solution of carmine for the purpose of staining the nuclei of 
tissues, and Gerlach was an early and most successful advocate 
of this plan. It has been, but I think wrongly, stated, that 
Gerlach was the first who employed this process. The date of 
Gerlach's work is 18.08 (" MU'roskopische Stud ten aus dem GtbUte 
der Mtnscldichtn Morphologies Lrlnnrjea). But in June, 1856, 
the Rev. L<jrd Osborne showed that nuclei were more deeply 
tinged by carmine than other parts of the cell. (" VegetahU cdl 
structure and its formation, as seen in tlu early stages of the 
growth of the wheat plajit"). See also the plate accompanying 
this paper {''Trans. JJic, Soc.,'' Vol. v, Plate iv, 1856). Lord 
Osborne allowed the plants to grow in the carmine solution. The 
growing parts were stained most successfully. 
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2TB. OMl&ob'a Sethod of Stainlns- — Gerlaoh lued Gral a 
OODoentrated solution of carmine iu ammonia, and placed the 
Hctions of brain and npinal ooril previously hardened bj chromic 
acid, to [be tinged, in the oartnine fluid for from ten to fifteen 
ninutea. They were then well washed in water for aome hours, 
and treated with aoetia acid. The water and acid were removed 
by immernon in alcuhol. The sections were afterwfirdB mounted 
in Canada balsam. Oerlach found that dilute solutions (two or 
threo drops of the aiumouiacal aolution of carmiiie to an ounce of 
water), oud uaoeration for two or thret dayi, afforded better 
results 

SSO. ThisTBOb'a Hethod. — Frey {"Dm i/ietrodop") gives 
Thiersch's methods of colouring tigaues by carmine, Some i»f 
them are as follows : — 

Thiersch's red colouring fluid- 
Carmine, I part. 
Caustic ammonia, 1 part. 
Distilled wat«r, 3 parta. 
This solution is to be filtered. 

Oxalic acid, I part. 
BiatUlod water, 22 parts. 

One part of the carmine solution is to be mixed with 8 parts 
of the oxalic-acid solution, and 12 parts of absolute alcohol are to 
be added. 

If the solution is orange-coloured instead of dark red, more 
ammonia is required, and the orange becomes red. The orange 
colour may also t>e used for staining. If crystals of oxalate ef 
ammonia become formed tbej must be separated by filtntion. 

281. Thleraoh'B Ulao Ooloorlns' Elnld' — 
Borax, 4 parts. 
Pifitilled water, 06 parts. 
Dissolve and add, of carmine, 1 part. 

The red solution is to be mixed with twice its volume uf 
absolute aleohol, and filtered. The precipitate of carmine and 
borax is re-dissoived in distilled water and is ready for use. It 
cnlouifl more slowly than the red solution. 
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: beantifd] red* smd Uiwb «ri 
lia?e been Utel; id Isi^dj amd as d^e*, popolufy kaowD ia 
eoantfj m Hageota, Scdferino, have been moeh eiii|ttci7ed I 
nuracopists. The ooloor it not verj solabia in wmter, b«t 
readily disnlTed bj aloohoL A gnia of the oolotir, ICB 
fiftem drops of alcohol, and an ounce of diatilkd i*at«r, ntak* 
dark red MlvtioD ; or the colour tusj be hoQed in water, 
to cool, and then filtered. This fluid coIodtb tiwuee ntrj 
Hanj exceedinglj delicate aad perfectlj tnii^iareiit textnr* 
which are almost ioTinble in the natural Btate, can b« n 
■atis&ctorilj' demonstrated b^ the use of this coloured A 
The cilia of ciliated epithelium ma^be tinted while they coatii 
to vibrate. Ai the lubstanoe of the cdl becomea 
however, the action of the cilia ceasea. 

S8S. Bine Ooknm fbr Stainlns. — Thleraoh recommend* ih 
following fluid, the compomtion of which I taku froin Ftkj :- 
Oxalic acid. 1 part. 
Distilled water, 22 parts. 
Indigo carmine, ae much as the solution will take up. 

Another sulution of oxalic acid aod water in the 
tion is required. One volume of the first solution is mixed wUh 
two volumes of the last and nine of absolute alcohol, 
mixture ie then filtered, and is read; for use. 

An aniliu blue fluid maj be mode as follows 



Soluble anilin blue, ^ grain. 
Distilled water, 1 ounce. 
Alcohol, 25 drops. 
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This fluid is not acted upon hy acids 
atrongif reccniTueuds a Suid of this description aa 
oolouriiig niaDf tissues. 



S84. Tannin. — Although tannin does not colour aninutl 
brane, it alters its character to such an extent as to enable ua to 
see numj peculiar points of structure or arrangement not viaiUa 
before, or it produces a chemical change upon the 
from vhich we gain important informatiou. Solutioaa 
magenta aud solutions of tannin have been much oswl in 
investigations upon the blood corpuscles. The ucLiou of ' fffnl n 
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upaa the red bitxid corpuHcle is verj' pesuliar ; it hu been 
BpecUlly etudied by Dr. Roberta o( Manchester (" On peouliu 
appearances exhibited by blood corpiuclee under the infliienoe of 
solutions of Magenta aud Taunin " — " Proceedini/i of the Ro^al 
SocitCf," Vol. Xir, p. 481, No. 55, April, 1863). The Bolution U 
made by dissolring 3 grains of tannin in an ounce at distilled 
water. One drop of blood may he mixed with four or live 
drops of the tannlu Holution and a portion of the mixture 
examined under the microscope. 

285. Solntloasof Nitrate of SllTttr.— Of late years nitrate of 
silver has been used for statuing tissues. Recklinghausen 
and tlis, have employed this plan with great success. For 
example, a weak solution may be imbibed by delicate tubes, and 
part being precipitated in the tube, perhaps as a chloride or 
in combination with some alhuminoiis material, subaequently 
becomes decomposed by the action of li^rht, and a very dark line 
results, and thus the position of a previously perfeotly invisible 
ofaaunel is clearly demonstrated. The outlines of epithelial cells 
and the intervals between them may be demonstrated by this 
process. Transparent connective tissue and the outer part of 
cells can thus be coloured, the nuclei remaining perfectly 
colourless and transparent. The nuclei by longer immersion will 
also be coloured. The appearances may be made to vary very 
much by modifying the mode of procedure aud the time which 
the preparation is allowed to remain in the solution. After 
soaking in the nitrate of silver solution for some lime the 
specimen must be placed in distilled water, or in a weak solution 
of common salt, in order to wash away the nitrate which adheres 
to the surface or occupies the intervals between the cells. When 
this has been effected the specimen is exposed to daylight or 
sunlight until the requisite degree of blackening has been 
obtained. The strength of the solution employed maybe varied 
according to ciroumstances. Rocklinghuusen uses a very dilute 
solution, consistiiig of 1 part of nitrate of silver to 400 — 800 of 
distilled water. 

The structure of the cornea has been recently investigated by 
His, after the tissue was prepared according to this plan. 
The so-called ' intercellular aubstanoo ' (lormed material) only 
may be coloured, or, after the whole structure has been 
thoroughly impregnated with the solutioo, it may be soaked oat 
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of the formed mfttarial, while that taken up bj th« noolet (nMnM 
of germiniil mattur) U retaiued, and ma; be deoomposcd b; b«iaf 
exposed to light. In this case the nuclei appear rerf dark Mid 
surrounded by a pale brown Tormed materiah Bia thinks that 
wbea the nuclei are ooloured, the precipitate of chloride of silver 
in the formed material is re-dissolved and absorbed bj^ the ntulkl, 
in whiuh it is afterwards reduced by the action of the light. 

SS6. Other Hatalllo Salts. — Tissues may also be impregnatad 
with other solutions of metallio salts. Acetate of lead has oAea 
been employed. The tissue ma; be soaked for tome time in a 
wesJt solution, or a weak solution with a little glyecriiie xnmy be 
injected. When the tissues are well saturated, thin seetiona aoj 
be made, and, after being slightly wnslied, they may bo placed IB 
a dilate solution of glycerine, through uhich sulphuretted bfdi^ 
gen may be passed. Living plants will take up solutioM of 
various melalUo salts, which may thcu he precipitated in Ute 
textures or in the cbauuels by the appropriate reagents. 

S87. Uodlfloatlon of the fiiresoln^ plana. — The observer wiU 

perceive that these processes are capable of almost eudlcae modi- 
fication. Every one engaged in a special investigation, will 
naturally try various modes of preparatiua Having decided 
upon one which seems to offer considerable advautages, he wQI 
try various mudilicatiotjs until he meets with success. I hxtt 
not attempted to give the minute recommendations of Tariona 
observers who havoeniployed these processes; but merely indicat« 
the general outline of the methods. A few experiments will 
teaoh the observer more than the most minute di/ecliona, mud, 
however carefully directions may he given, it is seldom that 
anyone suoceods the first time he endeavours to follow them 
out Those who desire to do real work in this department, mart 
be patient, and must work on steadily until they meet willi 
suooess. I propose now to describe the plan of investigatiot) I 
have myself followed. 
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N«w Mkthod of PBePARATiaN ABii'TKi' ron RasEAttcnRB 
WITH TBB Aid or ¥be HiauesT MAOnirYiira Powekb ygf 



For maaj jean t have been strongi; impresaed with the aotion, 
tbftt advance in onr knowledge of minute Btructure depended 
mainly upon improvemente in the methode of demonstration. 
Experiments proved to me that it was not possible to make out 
the arrangement of the elements of the tissues of man and the 
higher animals in the recent etate hy examination in water, 
MTum, vitreous humoor, and other solutions usually employed for 
this purpose. In very many inetaiices failure is due to the 
refractive power of the tissue and other physical oharaoters. For 
instance, in the controversy now going on with reference to the 
arrangeinent of nerves in voluntary muscle, an independant 
witness would not fail to notice that very many different plans 
of demonstration had been employed by the various observers. 
This would, in some measure, enable htm to explain the groat 
discrepancy of the results. He would also notice that those 
who deny the facts stated by a previous writer, had not adopted 
the method of investigation recommended by him. 

In my first paper upon tbe distribution of nerves and muscle, I 
stated that the facts I had demonstrated could not be seen unless 
a particular process of demonstration were followed, yet not one 
of my opponents has adopted the plan pursued hy me. or con- 
sidered the principles npou which its success depends. Nay, 
although I strongly iiisi«ted upon the importance of injecting 
the vessels, partly for the purpose of causing a preservative fluid 
to be distributed equally to all parts of the tissue, and partly to 
prevent the possibility of mistaking vessels for iine nerve fibres, 
not one of my opponents, I believe, has yet injected the veasels. 
The statements I have made upon the mode of preparation, 
result from numerous experiments made during the last twelve 
years, Many of my opponents endeavoured to throw doubts 
upon my results by describing the little they liave themselves 
been able to see by the rough processes they liave followed. But 
it need scarcely be said, that the stout denial often given to the 
existence of a particular arrangement, really means only that the 
individual who denies has never seen it. The only wonder is, 
I Uiat any anatomist should be so blind m to persuade himself that 
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he has seen nil thnt can be seen. It has been aaid tl 
Qhservers have nut met with the sucoeu, in praparii^ 
of the liver demonatratiiig the contiiiuitj between the 
cell-containiug oetwork, which has attended 1117 t-ffurta. nw 
details of that procosa have been given, and if the jiriitoipkt 
laid down be acted upon, it ia, I believe, impouible fur ftnjPOiw 
with erdJoar}' dexterity and moderate patience to &il, 

IcnimotTeDture to hope that mau; facta I have observed in th* 
ninul« structure of the cetitrid and peripheral nervous Sjvteu, 
will be confirmed until the some process adopted by ma !■ 
followed b; others. It is true that the specimena caii be abowu 
to others : hut it aa happens thut working men have but latr 
opportuuitiea of examiniug eauh other's speoimeus, and when «n 
opportunity does occur, it uut unfrcquently bappeus that time ia 
not allowed to investigate the Bpecimens fairly. Tlie cousequcnoe 
of oil this ia, that working in circles goes on to a terrible extent. 
Oreat labour is utterly wasted, and there ia but very slow jiiiifciiii 
compared to that which would attend our eflurts if ubaernss 
generally were agreed upon the principles upon which anatoDiiol 
observations should be conducted. Doubtleag, every obaeltw 
soon finds uut valuable methods of detail for himself which aotis^ 
him, — but as will not be able in many cases to commumcal* 
to others the practical manipulations upon which hie auocen 
depends, it is often exceedingly difficult to aaoertain tlw 
real merits of any given process. 5till, it ia a question aip«bl«<f 
being settled most positively, whether nerves can be followed in. 
tissues which ore impregnated with syrup, glycerine, or •om* 
such medium, for a greater distance than when immeraed in 
water, serum, vitreous, itc, and whether or not more fibrei and 
finer fibres can be seen in the former than in the latter cue. 
A simple experiment will convince anyone that this is so, and if 
observers would prepare small portions of the same tissue ut 
these two different medio, and compare the results, tbsj 
would, I am sure, soon be agreed upon one principle of gnst 
importance in investigation. It is mainly with the view of 
encouraging free discussion upon this most important question, 
and in the hope that ere long some general process uf investiga* 
tion may be followed, that I publish my own cutwluaions uul 
describe somewhat minutely the process which I now follow. I 
do not for one moment pretend that it is equally appUonbls to 
all tissues, or that it will succeed in all hands 
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cnnfident that it ia based upon principles of the utmost impor- 
titnce fur giiccegstul demonstration. ETcry year 1 myself discover 
improvements in detail of the utmost &dv&ntage ; but the basis of 
the process remains the suDie, und, as T have now been actively 
engaged iu minnte mioneoopiDat investigation for fifteen years, 
it is scarcely possible that a process which has been adhered to 
Bu lung, can 1>c destitute of adTuntagcB over many other methods. 
Moreover, in the hands of (tome of my pupils it has answered as 

288. CondltlonB to be falflUed la DenonBtratiiiK Minnte 
BtrnctoTB by the Higheat Powers. — In order to demonstrate 
the intimate structure of most soft tissues, very high magnifying 
powers are required, and it is important to consider the following 

1. Of many tissues, sections sufficiently thin for high powers 
cannot be obtained by the processes usually adopted. In order 
to make the specimen thin enough, pressure must be employed, 
and in many instnuces very strong pressure is required. Even 
by very moderate pressure, tissues immersed iu water are 
destroyed completely, and experience has proved that the 
requisite amount of pressure can only be employed if the tissue 
be immersed in, and thoroughly impregnated with, a viscid 
I medium, which is not only readily tuiscible with water in all 
I proportions, but with such chemical reagents sa may be required 
to act upon one or more constituents of the tissue for the 
purposes of demonstration, 

S. As many structures are exceedingly delicate, and undergo 
change very soon after death, it is necessary that the medium in 
which they are eiamincd should have the property of preventing 
eufteniug and disintegration, and should act the part of a pre- 
servative fluid. 

3. In order that tissues should be uniformly permeated with a 
fluid within a very short time after the dentb of the animal, it is 
tiecessary that the fluid should come quickly in contact with 
every part of the texture. This may be effected in two ways ; — 

I a. IIj soaking very thin pieces in the fluid, or 

£. By injecting the fluid into the vessels of the animal. 
4., 



i 



, 4. As different structures require fluids of different refractive 
tQwa for their demonstration, the medium employed must be 
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snoh that its refractive power can be increased or dimin 
th&t, for the medium fulfilling Uie former conditiou, i 
(AD be nadily eubstituted which fulfils the Utter r«<iDiri 

fi. Id inveBtigatimia upon the chftnges which struotare tui<I«r- 
goes in the organlBm, it is ueceBSEiry to distiugitith between that 
part uf the texture which ie the oldest, luid tbftt which hsM jnat 
beeu produced — between matter in which active change* are 
going on, and matter which is ia a paBsive state. It is only bf 
fulfilling this requireinont that the direction in which gtowlti 
tales place, and the point where new matter is added, can be 
ascertained. 

6. It is neceBsary, in roanj investigatiinns, that the vesscb 
should be podtively distinguiBhed from the other oonstituenta at 
the tissue, and it is aeoeesary that the process by which this ii 
effected, should not interfere with the demonstration of oil the 
tissues in the immediate vininitj of the vessels. 

7. It is of the ntmost importance that the medium employed 
for demoiJ strati on should have the property of preserving the 
flpeciineos, bo that observcra should be able to exhibit t 
preparations to others. 

Qtyceriue ami syrup fulfil the requirements n 
foregoing paragraphs. 



) exhibit timi^j 
iitioned ^^^^H 

niM. — a^^^l 

ofheftUl^H 
t three poMJI^ 



UO. Aotlon of Olyoertne and Syrtip on Ttamei. - 
syrup may he made by dissolving, with the aid of hcfttfH 
sugar in distilled water, io the proportion of about three pi 
to a pint. It is necessary in many oasea to employ th« strongesi 
glycerine. In this country we have had the advantage of tbfl 
beautiful preparation called Price's glycerine, whiuh is made of 
specific gravity 1240. It has been said that glyoeriuo and strong 
ayrup are not adapted for preserving solt tiasucs, because Um 
tissues shiink and soft oetls collapse in consequence of exosmow 
of their fluid contents. But I have many hundred epecimeiu 
preserved in the strongest glycerine I could procure, and I shodld 
obtain advantages if glycerine could be made of still greMw 
density. There would be no difficulty in impregnating even vary 
soft tissues with it In fact, the objections urged are thenretical, 
and result from ignorance of some properties of the tissuiM on 
the part of those who have urged them. If objeotors had ■ 
tried the experiment, they would have found no diffiaultyfl 



WJTH THI UIOROaCOPK. 



109 



ever in the proceaa. The fact is, that tissuet possces a con- 
siderahle elastic property, and although they ahrinlc when 
immersed in a medium of considerable dentit}', they gradually 
regaiu their original Tolume if left in it for aome tinie. In 
practice, the specimen is first imniersed in weak glycerine or 
syrup, and the deiuity uf the fluid IB gradually iucrcssed. 
In this way, in the course of two or three days, the softest and 
most delicate tissues may be made to swell out almost to their 
original volume. They become more transparent, but no chemical 
alteration is produced, and the addition of water will at any 
time cause the specimen to ttEaume its ordinary characters. 

The hardest textures, like bone and teeth, may be thoroughly 
impregnated and preserved in strong glycerine. Cerebral tissues, 
delicate uervous textures like the retina, or the nerve textures of 
the iuterual ear, may be permeated by the strongest glycerine, 
and when fully saturated with it, dissection may be carried to a 
degree of minutecess which I have found impossible in any other 
medium. Nor is the use of glycerine and syrup conRned to the 
tiaguei of man and the higher animals. I have preparatione 
from creatures of every class. The smallest animalcules, tissucfl of 
entoEoa, polyps, star fishes, mollnsks, insects, crustaoca, various 
vegetable tissues, microscopic fungi and algao of the most minute 
and delicate structure, as well as the most delicate parts of 
higher vegetable tissues, may all be preserved in these viscid 
media ; so also may be preserved the slowest and most rapidly 
growing, the hardest and soltust morbid growths, as well as 
embryonic structures at every period of development, even when 
in the softest state. I am, indeed, not acquainted with any 
animal or vegetable tissues which cannot with the greatest 
advantage be mounted thus. All that is required is, that the 
strength of the fluid should be increased very gradually until the 
whole tissue is thoroughly penetrated by the strongest that cau 
bo obtained. Glycerine has long been in use among microscopistsi 
but my object is to show that it is universally applicable, that it 
or syrup may he made the basis of all solutions employed by the 
microscopical observer with the greatest advantage, that many 
points are to be demonstrated by the use of these solutions, 
whicli have hitherto escaped observation, and that there are 
rtasons for believing that very much may yet be discovered by 

te use of these substauues. 
from these general remarks, I pasa on to describe, more in 
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detbil, the puiioular method I have adopted during the li 
years for minuto iaveBti)^tioiiB upon structures niagnUied I| 
higheat powers jet emplojed. It will be iicoesBary, i 
place, to give the compositian of the differeDt solutiona 1 
I find useful for general purposes. 

990. Olyaerlue and Syrup. 

1. Wfot common glgctriiu of about the spedtic gravity 101 

2. Tlit 4lrtmgttt I'rice'i gljicerine that oan be obtained. 

3. Sgrup made bj dissolving, bj the application of b gsnlli 
heat ill a water bath, 3 lbs. of sugar in a pint uf distilled natar. 
A weaker solution can be prepared, as required, bj mixing eqn&l 
parte of s;rup and water. 

S91. The' InjeotlDg' Fluid — For the purposes of injection 
I have found a slight modification of the urigiiial Prussian bltn 
fluid, the compoBitian of which is given in g IDG, CuUi] all the 
requirementB. The following mixture haa succeedvd admiiubly 
in mj hauds, and I therefore, recommend it etronglj. It 
penetrates to the finest vesaela. It never furms a deposit. Tb« 
specimens injected with it retain their colour perfeotlj, awl tlw 
injected tiasuea can also be stained with carmine. 

Price's glycerine, 2 o%. by measure. 

Tincture of sesquiohlnride of iron, 10 drops, 

Perrocyanide of potassium, 3 grains, 

Strong hydrochloric acid, 3 drops, 

Water, 1 oz. 

Mis the tincture of iron with one ounce of the glycerine 
the ferrocyanide of potassium, first diesolved in a little 
with the other ounce- These solutions are to be miied together 
Tery gradually in a bottle, and are to be well shaken diiriog 
admixture. The iron solution must be added to the fcrrot^anida 
of potassium. Lastly, the water and hydrochloric ooid are to be 
added. Sometimes I add a little alcohol (S dntcbms) to Ha 
above mixture. 

This Quid does not deposit any sediment, even if kept for 

■ometime, and it appears like a blue solution whc-u examined 

ler high magnifying powers, in consequence of the iiuolulllo 

^ particles of Prussiau blue being an very minute. 
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SM- The OKmilne Slnid. — The following is the conipogjtiou 
of the ourmiue fluid whiuh I use : — 
Carmine, 10 grains. 
Strong liquor ammonlie, ) draohm. 
Price's glycerine, 2 ounceB. 
Distilled trater, 2 oimccs. 
Aloohol, ^ ounce. 

The carmine in emaU frBguienta is to be placed in a tcet tube, 
nnd the ammonia added to it. By agitation, and with the aid 
of the heat of a apirit-lamp, the carmine is aoon disaolTed, The 
ammonincal «olution ia to be boiled for a fen Bccoiids and then 
allowed to cool. After the lapse of an hour, muoh of the eioesB 
of ammonia will have escaped. The glycerine and water may 
then be added and the whole passed through a Alter or allowed 
tc stand for Borne time, and the perfectly clear supernatant fluid 
poured off and kept for use. This solution will keep for months, 
a little carmine is deposited, owing to the escape 
which case one or two drops of liquor ammoniffi 
to the four ounces of carmine solution may be added. 

The rapidity with which the coloringof a tisBoe immersed in this 
fluid takes place, depends partly upon the character of the tissue 
and partly upon the excess of ammonia present in the solution. 
If the solution be very alkaline the coloring is too intense, and 
much of the soft litiut or imperfectly developed formed material 
around the germinal matter, is destroyed by the action of the 
alkali. If, on the other band, the reaction of the solution be 
neutral the uniform staining of tissue and germinal matter may 
result, and the appearances (rota which so much is learnt are 
not produced. When the vessels are injected with the Prussian 
blue fluid the carmine fluid requires to be sufficiently alkaline 
to neutralise the free acid present. The permeating power of 
the solution is easily increased by the addition of a little more 
water and alcohol. 

Borne tissues are colored very slowly. Fibrous tissue, hone 
and cartilage, even in very thin sections, will require twelve 
hours or even more, but perfectly fresh soft embryonic tissuos, 
and very thin sections of the Uver and kidney, thin eeclions of 
morbid growths rich in cells, may be colored in half au hour, 
while the cells of the above structures, placed on agln»slide, may 
be colored in less than a minute. I have often colored the germinal 
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I keep varioui t«sts, mch w alcohol, ether, the t 
anil alkalies, and other teata in the fi>nii uf lirtad eolut 
with gljcerine or sugar. The re&ctioik of tLe i 
tnaj\iAi matter, Btarcb and ceUuloee, u much mora d 
emplojed in this manner. The plan u, to i 
test«d to be thoroughl; saturated with the nronj | 
solutions, and then to add nater. In the coune of « fi 
the reaction takes place vtrj stronglf. 

eM. Of the AdvwntikBC* of VliM Media fttf Om X 

of Tianee tar BxominatioD wf Ui the HIgheat P 

on minute dissection in the^e (iscid medio, aod i 
detach the most minute parts of tisfuea, separ&te ti 
Structures in one teiture, without tearing or 
unravel convoluted tuhes, and perform with a 
of minute operations, which it would be impoeaU« C 
bj aaj of the ordiunr; methods of disseotion. 
regnlatiDg the temperature, I can soften textures tkos p 
in sjTup to the precise eitent required for ftirtl 
dissection, and even very hard textures raa; thos Ii 
so that b; graduall)' increased pressure and careful n 
exceedingly thin Uyers can be obtuiued without IIm t 
the anatomical deiiieiiU to each other being mucb s 
witlioiit any of the tisauee being destroyed. 

SOO. Vbn Practical Operation of PreparlAV - 
Baamlnatlon with the HlRheet Powsie.— The | 
follow, is the same for all tissues of all vertebrate uiil 
morbid growths ; but I will describe the several e 
process as the; were conducted in the demonstratioti I 
structure of the ganglion cells, described in my paper in [£> 
" Phil. Traiu." for 1S63.» and of the structure of the pa{rflte of 
the frog's tongue, described in the oommunicatiou presented te 
the Ho^al Society in June of the present year.t 

The description given also applies to the mode of prepMring 
specimens of moeculor fibre to demonstrate the mode of dktrf- 
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button of the finest branches of nerve fibre.* It in the 8ame plau 
vhich I have foUowed in the investigation of the minute 
. jtracture of the brain, spinal cord, and ganglia of man and th« 
;her unimab.t 

Ij reseurcliea upon the tissues of the &og bavo been priDcipally 
oanducted upon the little green tree frog (Hyla arborea), for 
experience has proved to me that tha ti^ueg of this little animal 
are ao much more fftvourahle for investigation than those of the 
common frog, that tt is nelt worth while to obtain specimens, 
even at the cost of 2: or 2i. Gd. each. 

The frog is killed hy being dashed suddenly upon the floor, bat 
it must first be carefully folded up in the centre of a large cloth, 
so that the tissues muy not be bruised iu the least degree. Next 
an opening is made iu the steruiuu, the heart exposed, and a fine 
injecting pipe, after being filled with a little injection, is tied in 
the artery. This part of the operation is conducted as fully 
described upon page ilS, except that the Prussian blue fluid 
given in §291, is used instead of the more ineKpeudve tluid made 
with common glycerine. The injection ought to be complete in 
from twenty minutes to lialf an hour, and sometimes in less time 
than this. The injection, being pale, cannot be very distinctly 
seen by the unaided eye, but if the operation has been conducted 
sncoeflsfuUy, the tissues will be found swollen and the areolar 
tissue about the neck will be fully distended. The observer 
must not attempt to inject a Hyla before he lias suai^eedcd in 
injecting the common frug perfectly, for the Ilyla, being smaller, 
is soinewbat more difficult to inject than the common ftog or the 

The injection being complete, the abdominal cavity of the frog 
is opened, and the viscera washed with strong glyoerine. The 
legs may be removed, tbo mouth slit open upon one side, and the 
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t On tho mioate at^n^t^^B ol the ztbt mattsr of the oonvolndonB 
of the br»io, ■■ AmwrfiBffi oJ At Royal SoaHy," Vrt!. lit KTt, ISflB. 
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phuyai well washed with gljcerine. IT it h dnired to prapM* 
one organ only, this may. of course, be removed utd openM 
upon Bepuratety ; but I generallv Bul^eot the entire trunk. *itk 
all the TiBcera, to the action of the carmine fluid If tlM Imn 
and spinal cord are special objects of inquiry, tlie cranlnn Asd 
the spinal canal must be opened so as to eipose tite organ* 
completely, before the ftaiiiing process is commenced. Knoagb 
of the carmitie solution is then placed in a little porcelain baria 
or gallypot, just sufficient to cover the entire trunk and viwers. 
The specimen is then moved ahout in the carmine fluid, go that 
every part that is exposed is thoroughly wetted by it ; eometuMi 
slight pressure with the linger is re<|uired. It is left in tba 
carmine fluid for a period varying from four to six or eigfat 
hours, being occasionally pressed and moved about during tlni 
time, so aa to ensure the carmine fluid coming into contact vUk 
every part. By this tine the blue colour of the vcssele of tJw 
lungs, viscera, Ac, will have almost entirely disappeared, and all 
the tissues will appear uniformly red. The slainiiig ii BoW 
complete. The carmine flnid is poured off" and thrown a<nf, 
and the preparation wa«bed quickly with the glycerine aalnttatt 
(page 200). This fluid may be placed in a wash bottle, null 
according to the plan figured in Plate XXXVII, Fig. 173, but 
smaller than this, and projected upon every part so ae to waA 
away the superfluous carmine fluid. The specimen is tjowplaeed 
in another little liasin. and some strong glycerine poured over it ; 
it is then left for two or three hours, and s little more atroag 
glycerine added ; when, from six to twelve hours since tlw 
specimen was removed from the carmine solution have elapsadi 
the preparation Is ready for the last preliminary operation. Tha 
glycerine used for washing it is poured oflT, and sufficient Strang 
Price's glycerine added just to cover it. To this, threie or fonr 
drops of strong acetic acid are added, and well mixed vrith tho 
glycerine. In this acid fiuid the preparation may lie lefk (br 
several days, when a small piece of some vascular part may be 
out off, pbced in a drop of glycerine, and subjected to mien- 
soopical examinattoD. If the injected vessels are of a bright Una 
colour, and the nuclei of the tissues of a bright red, the specincn 
is ready fur minute examination ; but if the blue colour is not 
distinct, three or four more drops of acetic acid must be added to 
the glycerine, and the preparation soabed for a few days longer. 
If the nuclei are of a dark red colour, and appear smouth 
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homogeneous, more especiallj if the tiMue interrening betneen 
them is CGloured rod, the specimen has been soaked too long in 
the CRnniue fluid ; but ia this cnso, although parts upon the 
surfkce may be useless for further investigation, the tissuea below 
taaj have received tlie proper amouut of colour. 

The tisaneB or organs to be siil{jccled to special investigation 
ra«y now lie removed, and transferred to fresh glycerine ; thoy 
may be kept in little corked glass tubes, and properly labelled. 
Qeneratly, the tissue will contain sufficient acetic acid, but if this 
is Dot the case, one drop more may be added. 

Suppofle, now, the nerves with the small vessels and areolur 
tissue at the posterior aud lower part of the abdominal cavity 
have beeu placed in one tube, and the prepared tongue of the 
Ilyla in another, the former specimen may be lakeu out of the 
glycerine and spread out upon a glass slide. If it be examined 
with an inch power, numerous microscopic ganglia may be seen. 
Several of these perhaps are close to small arteries. Thoso which 
are most free from pigment cells are selected, aud removed 
carefully b; the kid of a sharp knife, Sne scissois, forceps, and a 
needle point. This openitioii may be eSected while the slide is 
placed upon the stage of the microscope. The [rarumitlnl light 
enables the observer to see the minute pieces very distinctly ; if 
nxceGsary, a watchmaker's lens may be used. The pieces selected 
are transferred to a few drops of the strongest glycerine placed 
iu a watch glass or in one of the little china colour moulds (§85), 
and left to soak for several hours. 

The microscopical examination of the specimen may now be 
carried out. One of the small pieces is placed upon a glass slide, 
iu n drop of fresh glycerine, and covered with thin glass. The 
glass slide may be gently warmed over the lamp, and the thin 
gloss pressed down upon the preparation by slight taps with a 
needle puiuL The specimen may now be examined with a quarter, 
and afterwards with the twelfth of an inch object-glass. A good 
deal of granular matter will possibly obscure the delicate pointa 
in the structure. The slide is again gently warmed, and, with the 
aid of a needle, the thin glass is made to slide over the surface of 
the specimen, without the position of the latter being altered, 
and then removed and cleaned. The specimen is then washed 
by the addition of drop after drop of strong glycerine containing 
five drops of acetic acid to the ounce. The slide con be slightly 
inclined while it is warmed geutly over the lamp, iu such a 
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inariner that the drops of glyoerioe slowly pou ov«r the 
anil nash away the debris from its surface. Tlie muAt Oimvi 
inetrumeut for dropping the glycerine on th« specametn ii m 
bottle, of two ounces capacity, with asyphontubedrawti torn 
and a straight tube, with an expanded upper part, over whieb: 
a piece of stout sheet vulcanized India-rubber, Fig. on p 
Upon compresBing the air, by pressing down the India-mbtx 
glycerine is forced drop by drop through tile sypbon t 
allowed to fait upon the apecFmen. These tittle battles 
obtained of Mr. Matthews, Carey-Btreet, Lincohi's inn-fidda 

When severat drops of pure glycerine have Wen »n*1 
flow over the specimen, the thin glass cover, after bbviog 
clcnncd, is re applied and pressed upon the 
gradually, but more Grmty than before. If the prep&r«tioB 
pretty clear when examined with the twelfth, the gIttM 
may be cemented down with Bell's cement, and the specitM 
for many days in a quiet place. It may then tie re-euu 
the process of washing with glycerine repeated, and fartbei 
sure applied until it is rendered as thin ae is desired. Wliv 
point has lieen reached, more glycerine with acetic aicdA 
udded, and a plate uf mica or the ihinneit ffla»$ covtr (( 
applied, when it may be examined with the twenty-fifth, 
process of flattening may l>e pushed still further if desirabb^ 
if only carried out very slowly by gentle taps or careful pn 
with the Anger and tbajrib.Jrom da>) to dai/, the eleiii«tita 
tisanes are gradually separated without beiug deatrojad 
there be much connective tissue, which interferes with & 
view of the finest nerve or muscular fibres, it niajr be neoci 
immerse the specimen for some days in the acetic acid synti 
then transfer it to fresh glycerine. The success of this f 
depends upon tlie care and patience with which it ia curidi 
The most perfect results are obtained in cases whor«the WB 
pressure, and warming have been very slowly conducted, I 
is most interesting to notice the minute points of stmotiuo 
are gradually rendered clearer by the application of » j^ 
heat, subjecting the specimen to a little firmer presBare i 
soaking it in a little fresh glycerine placed in a watoh-gUfll, 

Specimens of tissue prepared in this way ci 
from slide to slide, and no matter how thin they maf Im, 
having been allowed to soak in fresh glycerine they majr aJ 
be laid out again perfectly flat by the aid of needles upon uti 
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Hiide.* The action of these vincid Suids ia moBt v&laable, and 
I feel Btire that by the process here given, retaining tho pria- 
eiple. but modifying the details in special cases, many new 
and important anatomical hcts will be discovered. Until this 
process ia carried out succeesfiillj by other observers, I have 
little hope of my own observationa being; oonfirmed. 

The papilliD of tho frog's tongue are prepared in precisely the 
same way. Small pieces of the mucous membrane being removed 
by sharp scissors, they are transferred to glycerine, subjected to 
the same very gradually inoroaaed pressure, until the individual 
papilla: are themtcWee slightly flattened. It b possible from a 
specimen to remove a number of the separate papillse on a 
needle point, transfer them to glycerine or to the acetic add 
syrup, and then mount them for examination with the ,',th object- 
glass. All the points I have described and figured in my paper 
(" Royal Society, 1864") may then be demonstrated in several 
papillce. 

Thin sections of brain, spinal cord, &c., may be subjected to 
the same process for examination with the highest powers. The 
specimens illustrating my paper on ' Indications of the paths 
taken by the nerve currents as they traverse the caudate nerve 
cells of the spinal cord and encephalon,' published in the 
" Proeeedinyt ofthi Rayal Soeieli/," July, 1884, were prepared iTi 
the manner already described, but they were soaked for some 
months in a weak glycerine solution of acetic acid. The most 
delicate preparations retain their characters for many months, 
and some for several years, so that in many cages the very 
preparations from which my drawings have been made, have 
been preserved, and have been compared with the drawings bj 
other observers. 



301, Of the Preparation of Hard Tisaasa for examination 
witb the Hlgrheat Power*, Bona, Teeth, *o. — The methods 
generally employed (| 149) for demonstrating the atructure of 
bone, teeth, and other hard tissues, only enable us to form a 
notion of the dead and dried tissue. The soft material is dried 
up before the section ia made. 
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And yet Ifck wr vft nattriO, wUdi ia out 
Um iniwuic> pttblkked in diflereni wmks, la Itimt w 
tliA only difference between Um ified boM or tooth in ' 
Kod that arhicb Kill reawiiM »a intcgnl part «f tlie Hi 
So £nr from tliia nft iiatt«r baag ttniinfurUnt, it i* 
important of ill the •tmctDKa of the bard fafiuirs. 
akoD that *1I OMMBS and dental iMauea an formed 
Mwri^Md, and fran not reoogniaing the airangenient of tUa 
toft B>a<ler the mott eironeotu idea* hare prvtailed, aad MQt 
pKTsil, upon the fonnatirm and nvtrition of the dentml t t w uM. 

Even now it u geuerailj believed that the dentinit tultcs art 
Ttal tiibutu- paanget fur cuuvejing /ui Jj to all parts of Um 
dentine, and are thus gubeervieut to its '' uutritkjo," and yei Hit 
mure than eight jears siac Mr. Toitit« proved most coaduidVi^ 
th»t these so-called "tubes" were occupied in tlve reovnt ataM 
bj 8 muist hul tolerabl]' finn nuterial ["Phil. Tntna^' F«k, 
1656). 

I have rerified Hr. Tomes' deecriplioii. and nm qtiil* tmtti» 
that the to-called dentinal tubes are nut ohaiuielH for tb* OMM 
flDWing up and down of nutrient fluid.* 

Suppose a tooth ia tu be prepared for niinnte mioKweofiod 
investigation, we nxaj proceed as follows. The sane plui !• 
applicable to boDe and «he1L 

1. As soon as possible after extraction, the tooth cnajr W 
broken b; a hammer into fragments, »o as to expose clean 
surfaces of the tissues. l*iecefl of dentine with portious of pwlf 
still adhering to thum niaj then be selected and unmerBcd ill tk 
oamune Biiid, and placed in a vessel lightly covered with p^Vt 
so as to exoluda the dust. The whole way be left in a tram 
room for from twenty-four to fortj-eight hours. 

2. The carmine solutiou maj then be poured off, and a little 
plain dilute glyoerlue added. (S 294.) 

3. After the fragments of teeth have remained in this floid far 
five or six hours, the excess, now coloured with the carmine, roajr 
be poured off, and replaced by a little strong glyoeriue and aoetio 
acid, (i S94.) 

i. After having remained in this fluid for three or four daj*, 
it will be found that the portions of soft pulp have regained tkft 

* On tha atraclurs o( TM«nt bone ftod leelli, M 

»F« OHdgrwilk o/lAc titnta." Boys) OallegB gf Pbjuuiau*, U 
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volame thej occupied when fresh. They have awoilen imt 
tgun even in the eirougesc gljceriiie. 

5. I have found thitt in m&ny coses, when it is deiired to etiidj 
the arrnDgement of the uerves, it is uecesKirj to faardeo the {vilp 
by immeraion in glyccriQe Bolution, made hy adding to an ounce 
of the glycerine aolution of Acetic acid, two or three drops of a. 
strong solution of ohmmio add. The fragments maj remain in 
this Bolutinii for three or four days, and then be transferred to the 
acetic acid solution, in which they ma; be preserved for years 
with all the soft parts perfect. 

6. Tho spt'cimenH are now ready fi>r examination. Thiu 
sections are cut with a knife from the fractured Eurfoces of the 
dentine, including a portion of the soft pulp. The knife should 
be strong, but sharp. In practice I have found the double-edged 
scalpels made for me by Messrs. Weiss and Bon, of the Struud, 
answer eiceedingly well for this purpose, nor will the edge of the 
knife be destroyed so soon as would be tupfKJged. 

7. The minute fragments of sections thus obtained are placed 
upon a slide and immersed in a drop of pure strong glycerine, in 
which they may be allowed to soak for an hour or more, and then 
examined by a low power (an inch), The best pieces are then to 
be selected by the aid of a fine needle, and removed to a drop of 
glycerine containing two drops of acetic acid to the ounce, and 
placed upon n clean slide. The thin glass cover is then carefully 
applied, and the spedmen may be examined with higher powers. 

H. If it JB desired to retain the speeimCTi.thecxcess of glycerine 
fiuid is absorbed by small pieces of blotting paper, and the glass 
cover oemeuted to the slide by carefully paiutiug a narrow riog 
of Bell's microscope cement (5 90) round it. When this first 
thin layer is dry, the brush may be carried round a second time, 
and after the lapse of a few days, more may be applied. Mounted 
in this way the specimen will retain its character for years. 

Hard tiraues. like bone, dentine, and enamel, become somewhat 
soflened by prolonged maceration in glycerine, and if a few drops 
of noetic acid are added, the softening process may be carried to 
a greater extent, and yet without the calcareous matter being 
dissolved out to any perceptible extent If desired, of cour-e the 
calcareous matter may be in part or entirely removed by in- 
creasing the strength of the acid fluid in which the preparation 
is immersed. But, far abort of this, the hard, brittle texture 
is su altered that thin sections may be cut without any difficulty. 
P2 
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Specimens prepared in this way maji be examined hj the hlghwt 
ntaf^nifying poweiB jet made, by which statemuut I in«ul, of 
coime, to imply that more muy be learned by the use uf such 
high powBM (1,000 to 3,000 linear) than by employing wdiaair 
object glasses. 

SOfi. Tbe Preparation of Bmbryoillo Tlamee flsr Bat amln a tl e m 
■with very Sigh Powere. — Oontmry to general opinion, many of 

the softest textures may be investigated with the greatest fociU^ 
after having been eoaked in strong glycerine. la preparing 
these, theaatne steps which have been described in 4 3fHl most be 
carried out, but the glycerine used at first must be weaker^ And 
its strength must be very slowly and gradually iucrenscd- Yuoag 
embryos may be injected with the Prussian blue fluid. The {rip* 
cannot be tied in the vessels, as they are extremely soft. But U 
it is simply inserted, much uf the injection will nut onwudi 
into the capillaries, and the escape of a certain quautitj by the 
side of the pipe is a matter of no moment. 

I have beautiful preparations of the most delicate embryonic 
tissues, preserved in the ntrongest glycerine. It is often adm»- 
tageous to harden the tissue slightly by the additi<JD of ■ 
little of the chromic acid glycerine solution, When onoe tlw 
tissues have been fully permeated by glycerine, they tn»y he dt^ 
eeoted and manipulated in a manner which before was imposubl*. 

S03. Kew Ttewa relatlaK to Btraatare and Orowtb arrived 

at b7 this mode of iavestlgatloii. — The general ioferetwet 
arrived at from a careful study aud comparison of very muy 
animal and vegetable tissues, prepared by precisely the auna 
process, are of great interest. When the carmine Ituid ia nsed 
properly, the so-called nucleus is alone coloured, while tbe ottta 
part of the cell and intercellular substance remain oolourlaas, or 
are only tinted very faintly. It is often possible to demonotnt* 
sones of color one within the other, the innermofit being m- 
variably colored must intensely. 

By comparative observations upon the same tissviee, at different 
periods of growth, a definite but gradually altering rulatiu 
has ireen demonstrated to exist between the formed materi&l nnj 
the germinal matter, and it has been proved that the Uticr 
gradually passes into the former. I have adduced very mu} 
facts, which seem to me to establish the very imj^ortant pointi 
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that nil formed inBteritilwaBoiiceiii the itate of germinal matter. 
So that in Ihe fonuatioii of muscle, for example, from the lifeLeas 
nutrieut pabulum ia the blood, the matter which U to become 
muKle posses through these different oonditions : — 

1. Soluble uutrient matter, or pabulum. 

2. Oeruiinal matter (aucleusj. 

3. Imperfectly developed formed material, or muscular tissue. 

4. Fully developed formed material, muscular contractile tissue. 
a. Disintegrated formed material, which becomes reduced to a 

soluble state, aud couverted, by oEydation, into new substanceg, 
some of which pass away, while others ia their turn become 
pabulum for other kinds of germinal matter (white blood cor- 
puscles, lymph corpuscles 1). 

It will be seen that one very important fact gained bj this 
inquiry, ia the positive distinotiou between the actiiit living 
ffroaring mntltr of ail tisaues, and the matter which is formed, or 
rttuUi from the ehange* oeturriiig in the farmer. This fact I 
endeavoured to estalilinh in my lectures, given at the Royal 
College of PhysiciauB, in April, 1661. Since this time I have 
worked out the growth aitd fortnatiou of many tissues in detail, 
and I believe the above positions have beeu fully established. 
8o that the material stained by uarmine is in a transition state. 
It is not litiue, hut it lives and grows, and at length undergoes 
conversion into tissue. It is liviug matter ; — aud by the word 
lieinff, I mean, that iu this matter phenomena are observed which 
have not been explained, which cannot be accounted for by any 
known laws, which ouunot be imitated artificially, and which have 
never been observed anywhere but among living things.* Among 
the peculiar properties of every mass of living matter, are — 

1. The power of altering and appropriating certain soluble 
matters, and communicating to these, properties or powers of the 
■ame nature as those which the living matter itself possesses. 

5. The power of moving in all directions — the paaaage of one 
port of a living maaa to another part, so that one portion may 
advance ilaelfm front of another portion, or eucircle another. 

3, The power of causing the elements of which the matter 
itself consists to take up definite relations towards one another, 
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4. Tbep»«er«ftnfi]tit*tneKm 

I am, Uwretore, &b!e to describe the itnietare of Lha moH 
coinideic tinnet, ftod the ehuigea wbieh oeenr during tbtfr 
gruitUi, in a Tei7 nniple DWDner. It is not mioeiiTy to rijunw 
in vaj giTen cooe <rfa«t u ' cell wall,' or ' oell ttwmbrvM,' * oaU 
ixmteDla.' ' ducIcuh,' ' naclealut.' * intaoellalar subMWMC,* 
' primurdiil titricl«,' ' protvplum,' ' Blastemx' For every atnic- 
tnrecotuiMsof niktterin twust&tea: — Thelivixfforymndmaitta^ 
and tlie formed and lifeUin Mite. All irurrtur, mttJlipHcatum 
AritioH, JHc., is due to matter in the first sUttv.Kiid In thatalone: 
CO tint every living particle cornea from ■ pre-existing ttvfng 
pkrtiole, uid every piece of tiMue, and formed matter of ever; kind. 
chancteriBtic of » living being, was once in the conditioa it 
germinal matter. 

Tbeci' viewt will be understood hj reference to PUtca L, U, 
Lit, Lin. LIV, LV, and the accumpftnpng explMuUions »t tbt 
end of Chapter XI. The illDBtratioUB are the remit of gr«al 
labour, axid are examples of the best kind of wood engniviog aai 
piinting. Pome have been selected from drawings iilu6ti»tili£ af 
papers in the " P!iit. Trant.," and I am indebted to tb« CouubO 
of the Ruf al ^ietj for permission to malce use of some of UiMa. 

None to { ROD.— I Blioald havs stiktcd at t)u eod of g MO, that I ban 
pt^iaiwl muij aprcinieiu by injecting llie rtoloating cinninti flidd ialo 

the tmwIb, sUowing timt tor thia to hi 

Uken ap by the Doclei, uid th'n infaol- 

iDg *n scid fluid: for eiain|ile. > Irog amy 

W injected wilh the outolue fluid, mad* M 

^oiumeudedonp.iOl.biit with 15 giBina 

annaioe insUad of only 10. When lb* 

iilly diMended, Uie pie|iBt>|{M 

is iett (or (rom 12 to ii honre. (rlMO » 

littla glyoerine Diay be rvnwd ia, mai 

la«lly, Ihe Prusdui blue injcoting flaU. 

Wliea the veat«U >ra folly iojaclad, piaON 

oF tbp tiasufliml Drg*iui lo to iiiimrilij 

lire to be soakfd in glycerine imd niiiTIa 

ftdd, n rscoTDraanded in thu uthar khm!* 

of preparation. I liavo some vary beaotital 
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CHAPTER XI. 

Of thk Use of tert Hion MiosipYmo Powebb. — 
Ohjifciumt raited — Of the Highegt Magnifying Powem yrt 
maiU—Of ike Covering Olagt — Illuminalion of Objectt 
Magnified hg verg High Pomeis — Method of increating 
the Site if Ike Image leithout altering Iha Object-giant — 

I W Drawing Objectt Magnified tcitk verg High Fowerg. 

^^ Of THE AifiTOMiCAt Eleuent oe Cbll, akd of its 

^^■to4. Objeotloiia ralrad to the nM of tut Uffh KBcnlft-lnr 

^^•bwem.^The gre&teat prejudice still exists in the minds of 

manj against the use of verj liigh magnifyiag powers, and some 

persoiiB Btiti persist that iio advantage is to be gained bj them. 

Now, it would be wasted purpose for me to attempt to answer the 

■Sections that have been raised to this and other metbods of 
^TBtion. in Germany and elsewhere. Every observer bai a 
pt to work as he liicea, and it is impossible to prerent preju- 
oed pcrsinis from disparaging the means of research whioh they 
cannot or will not employ. Just as there are observers who will 
not admit that the simjilest and only efficient manner of intro- 
^dncitig fluid iufi all parts of a tissue is to i'licct it by the vessels, 
^^^there are ludividuata who will maititaiu that those appear- 
^^Hbu can alone be trusted, audacocpted, ns n:ittiral appearancea, 
^^Hloh result from observations upon tissues immcrwd in water. 
^^And as it is most certainly true, that nothing is gaiutid by 
subjecting speeiroeas immersed in water to the highest pt.'wers,iio 
wonder authorities who hold this doctrine assert that high powers 
are uselera. But it has been proved that water alters many tisKues 
eitremely, and completely destroys some of the niusl deliuate 
textures, while its limpid character renders it impossible to fray 
out many deltoste tissues, or to subject tbem to the amouut of 
^^ e sufficient to make them thin enough for observation 
a high powers. Nevertheless, not a few obserrars still use 
r and solutions of which water is the principal ingredient. 
Bthie no objection can be made ; but not content with working 
D tbetr own way, some of these individuals do all tbey can to 
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nti<Jermte the importance of obgemtiotia m&de apoa Htkrvdl 
priuciplea. Kanyoue tnahes out uew points of etruclure hy ui) 
new method, tH that tiuob au authority wbo ditfere haa lo ilu is tv 
state that be has not been abla to see the structure dvecrilied b^ 
BO and 80. Ju/Aon'^y too often denies the exiatenoe of wltattt baa 
itself been unable to see. M a Df authorities deny the oxialenM 
of what thej have not Been, while tbej have not taken tbe pains 
to try the only method of demunstratiou by which the appe*ntiMi 
ID question could be seen ; or, without having ever boch pcjuts bf 
atruoture described by others, and without denying the truth of 
their observatinna, they say such an arrongenicut does not 
exist in the corregpondiiig tjsaue of some auimuls closely allied t» 
the one in que^ion. 

Everyone now aiming ut original observation upon Uw 
minute structure (>f living betnga, niu«t became skiUnl iu tlw am 
of far higher magnifying powers than those generally einpkiyaL 
In the preceding Chapter I have fully discussed tbe princtptM 
which should be borne iu mind in the preit&ratiuii uf l^ 
specimeoB. For sJl eucceee depends upon this, aud th« observer 
should certainly begin with the use of low puwi^rs. As lie 
improves in the mode of making specimens, he may ndnum 
to the use of the higher and the highest powers. My o*ii 
opinion is, that au entirely new field is opening out for explvn- 
tion, and that a vast number of new anatomical facta will eons*- 
queotly be discovered duriug tbe next few years, by the ud 
of new methods of investigation. Many ot the points yet 
remaining fur investigatiou, involve questions of fuiidanieiilal 
importance ; aud wheu these are determined, a. great change fiw 
the better will be observed in physiology. It seems to me Umt 
minute anatomy has been far too little studied. We oughl to 
have a thorough knowledge of mere structure before we begin ta 
discuss action • but it is too often the case that mere specuIntieiM 
are received, and widely taught, although anatoiuicaJ &ots 
demonstrate them to be unsound. 

Huch has been said, and doubtless yet remains to be said, 
against the use of high powers. But, even if it be admitted (bMl 
I do not myself admit this) that nothing more can be seen by Uic 
use of a very high power than by one tluit magnifies muoh leas, 
there catmot be the slightest doubt about the (net, that ot|)aati 
which would pass quite unnoticed by the latter, must at aum 
attract attention if examined by the former. If high 
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of aervice only in bringing important but most delicnto pecuHari' 
lies of objects uuder observation — if by their ubc the attentiou 
nere merely directed to toiuute points whioh would otbervrua 
paaa iiiiobserTcd, it would be necessary to employ them in 
o&rryiDg out advanced work. 

There are some branches of microecopical inquiry in which 
very high magnifyiug powers are absolutely necesaary. For 
example, in auoh investtgntioos as those which liave latf ly beeu 
carried on by M. Pouchet and M. Pasteur, mauj of the more 
minute orgnnianiB can only be seen by a power magnifying 
upwards of 1,00(1 diameters. Bacteria, magnified 1,800 and 3,00(1 
diametera, are represented in Plate LI, Figs. HI, 248, 349. If 
still higher powers had been brought to bear upon the specimen, 
organisms still more minute than any represented in these figures 
would probably have been demonstrated. The most minute of 
such living organisms discovemlile by a power of 10,000 linear, 
has been living and growing for some time before it attained 
sufficient dimeuBions and density to be visible to us. I believe if 
maguifying power could tie efficiently increasc-d to ten times ten 
lOumnd diameters, we should still only be able to see one 
;icte of living matter increasing in size, and giving rise to new 
'tides, which in their turn become detached— and so on. 
should see nothing like the aggregation of particles, or the 
coalescence of already existing partiules, of inanimate matter 
to form a mass of living matter. We should see, I believe, 
nothing but the growtli and division of living particles 
already in existence. We might, however, be abie to demon- 
strate germs of a degree of minuteness not yet thought of. 
But there is another matter of the greatest importance Jn the 
consideration of this most difficult question, wliiuh has almost 
entirely escaped notice. Besides extreme minuteness in meresiiso, 
extreme tenuity or transparency may interfere with the definition 
of an object. Now, the greatest difference is observed in object- 
glasses in this particular. The best object-glasses will define 
clearly and accurately, bodies, which, from their transparency, are 
quite invisible under objectives only slightly inferior to the first. 
I feel quite sure that many statements recently made with 
reference to the mode of formation of the lowest forms of life, 
by the process of aggregation of particles, arise from imper- 
fect means of observation, and that the real germs existed before 
they po!«essed sufficient density to be recognised by the object- 
glasses employed. 
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80B. Of the HicliMt KwnUyinc Powen.—MeBsrB. Powell 
and Lealand auoceeded in producing a aixteeath, magnifjisg & 
thousand diameters as long ago as the jear 1840. Id 1659 I waa 
engaged in atudjing the arrangement of the nerves in voluntarf 
muscle, and succeeded in preparing, bj the process given in 
§ 300, some exceedingly thin sections, in which moat delicate 
nerve fibres could be distinguished, but these were very pale and 
tranaparent, and the appearance was such as to lead me to the 
inference that in many cases apparentlj single fibres resJlj 
consisted of several ver; fine fibres. I desired, therefore, to 
examine the specimens with » much higher power, and I hedged 
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Mttsrs. Powell and Lealand to eudoavuur to tnulce for lae n gl&as 
with a magnifving power double that of the sixteenth, lu the 
year 18W, I received from theue mnkerB the first twent^BiEth 
ever made, which magnified 1,8CH) diameters. Of this glass I 
have DOW hod great experience, and can speak of it aa ft raost 
excellent working glues. That it defines exceeding]; well, and 
itdmits plenty of light, ia obvioui from the fact that it will allow of 
the tubd (ff the miflroscope being increased conaiderahljr in length. 
By a vxrkiiui piatt, I mean one that can be employed without 
great trouble or difficulty, and does not rcijuire any elaborate 
anangemciilB with regard to illumination, a^uGtment, lie. In 
hct, it works well even without a oundonser of any kind, the 
common concave mirror being alone used. There is plenty of 
room for focussing, although, of course, specially thin glass or 
uiiea must be employed. I have made and published niEny 
drawings of tissues of the higher animals magnified with this 
glass, and it need scarcely be said tbat, as it can be brought 
to bear upon teittures of this class (even bone and teeth), thin 
eectiona of which are obUiined only with great difficulty, it muet 
be readily applicable to other departments of microscopical 
inquiry. Object-glasses of very high magnifying power have 
been made by other makers, but those who have compared them 
with Powell and Lcalaiid's Iweuty-fifth consider them inferior to 
this glass. Hartnack, ol I'aria, has modified the correction of 
the lenses, so that a tbiu stratum of water lietween the glass 
cover of tbe object and the last lens of the i)bject-glaBS is required 
to make the definition perfect. I have not been able to convince 
myBelf of the superiority of this plau over the ordinary method, 
although i have not had sufficient eiperience to enable me to 
express a positive opinion upon the matter. An objective of high 
magnifying power <a twentieth) has lately been made by Moagra. 
Smith and Beck. I have had an opportniiity of comparing thi> 
glasBwith the twenty-filth of Powell and Lealand. The magiiit^ing 
power is about one-tliird leas, and it appeared to mu tbat the 
dcGuition was not so good. The amount of light admitted was 
ample. It is, however, exceedingly difficult to express iu words 
the merits of one glace as compared with another, and there can 
be no doubt that an obsorver who has used one glass very much, 
espcoially if ho has made now observations by its aid, is almost of 
necessity prejudicud iu its favour ; and I couleBS that, unless I had 
worked with a ghwa for a considerable period of lime, I would 



220 HOW TO WORE 

not express a decided opinion ta to its qiiolitiM The 
between the working powere uf the glaues or the best nuJten U, 
at most, very alight, and not to be demonstnted without tb« tMM 
exact and oaj^ful eiaminatioD. At the game timt. it is oonuo 
that the slightest advantage in deBntog power ought utrt ta b* 
underrated, for it may enable the obseryer to Boe some 
perceptible, but neTerthelees most important, poioti not 
before, and io some instsnces the very alighU'st sdvuitnge of tUa 
kind toBJ ueceisitate a complete aitenttion in general views ap t» 
that time received aa true, and considered even to be fixed tat 
nDaltenible. Improvement in the means of observatian is of 
the utmost importance, and, however slight, always leadato tha 
discovery of new facts.] 

aofl. Of the Ooverinff Olasa. — The cover m&j be made of a 
ver; tbin plate of mica, but glass possesses several adv)uitagG» 
Messrs. Chance, of Birmingham, have laielj succeeded in niuia* 
&cturing in quantity glaas sufficiently thin for tiie i(tk. This is 
supplied by Messrs. Powell and Lealand. For mere examinatiMi 
of specimeos, thin plates of mica answer well, and they way evaa 
be used for mounting the preparation permanently ; but aa it ii 
difficult to clean the surface vrithout scratching it, it will ba 
fouud better to use thin gla^a as the covers of epeciin«n8 which 
are to be kept permanuntlj. 

807. ninmtnaUon of O^eeta Wagnlflad by very Kl^ 
Powara.^SacceBaful observation with very high power) la outildf 
dependant upou ilium inatiou. Indeed, by ordinary meana tl it 
not possible to obtain a light sufficiently intense to illusOat* an 
object magnified 3,D0(> diametera. I have tried with greater ar 
less sucoeBd many different pkns, and have used pmms, ooimsw 
mirrors, and various kinds of condensers. I have, bowenr, 
arrived at the conclusion, that the most satisfactory reaiilta \tf 
far are obtained by the use of Kelner's eye-piece a» a condenaer, 
as suggested by my friend Mr. Brooke {la page 2-J). By tbia 
neans I can obtain a light aufiicient for a moguifying power at 
10,000 linear. I have tried the lime light, but have nut fonod 
that it possesses any advantages over the belmontine or p*'***" 
lamp, white the glare from it is much greater. 

308. Method of Iu«reaAin« tha sUe of th« Imas* m 
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BltertitB' tlka ObJect-QlaaH. — Supposing the limits of magnifyiox 
puwer of the ubjeet-glass to have been reached, there ure yet 
methods by whtoh the dimenaiona of the image may be greatly 
iucreaaed. The ere-picce mnj be changed for a deeper one, or 
the distance between the object<g1ass and eye-piece maj be 
inoreued. In practice, I have found that the latter plui is so 
much the most advantageous that I now never use v. deep 
eye-piece. 

The ,'g objective being applied when the tube is increased in 
length, 80 that from the lowest glass of the object-glass to the 
eye-glass of eye-piece, the distance measures— 24 inches, the 
magnifying power corresponds to upwards of 11,000 diameters. 
SO inches about 6,000. 1 J inches about 2,600, 11 inches al)out 
1,800. When the tube is thus increased in length, there is often 
Bome reflection from its interior which renders the image 
indistinct. This inconvenience may be remedied either by 
increasing the diameter of the microso<)pe tube to about S j inches, 
or by liuing the ordinary tube with bliLck velvet. 

Of course, the practical utility of increasing the magnifying 
power entirely depends upon the character of the specimen, 
The preparation of specimens has already been considered, and it 
has been shown that the preparations to be examined by very 
high powers must be immersed in the strongest glycerine that 
can be procured. 

In delineating the appearances observed, I never represent a 

structure more highly maguifled than is necessary to bring out the 

points ; but I Bnd that as I improve my method of preparation 

I desire higher magnifying powers, and t am quite oertain that 

great advantage will be reaped when powers far higher than any 

^— yot made, or thought of, shall be brought to bear upon many 

^k.«tructures. The question of preparation is scarcely more than a 

^K'Siechanical one, and new and more exact means of preparation 

^B^Will soon follow improvements in the optical part of the 

^^V^rosoope. 

^^K 800. Of Srawiaff Olijeota masKlflAd trlthTeryHlKliPowen. 

^" — It is extremely difficult to use the neutral-tint glass reflector 
with the highest powers, and the slightest vibration of the in- 
strument causes confusion in the lines, so that, in practice, I have 
found the best method is, to measure the distance of the several 

^K p&rts of the object with compasses, and then, havitig fimd these 
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npcKntH in ^alt L, F%. S30b. ir<nr, aodb prtirfca 
be termed eelb, »eeordifig to Uic wiBnaijdefiBitMM «rf IImTWiwJ 
Tet each couifla of gcnunal aiAtter, with pfti(«blf m, this kjw 
of lonMd nMerial upon its for&oeL Eich of tbue msy ii 
In nw b; the abgarption o( DotrieDt iMbolmn ituo ita «<d) 
■■d taaj then dixide and loUiTide into Bep«rsl« porttous. His 
mneiu corpucU, rapRMnted in PUte LII, Fig. 241, 
ewM Mti ol ft taut ol gtavuaal naUer wtuch, u it li^ ia the 
■Dttcai oT funned material, eibibiU moremcnta at sbown b; At 
doUed linea. The white blood cuipiudn!, Plate L, Fi^ 330;, it 
another example of gErminal orliiing matter, which isitc 
eobariea*, aad which, u is well known, exttiliita slow rw« 
Theie moveroenU 1 believe to be rttai maTmaui.' 

The different change* which occur in the germinal 
and result in the production uf ttame oiid of varioui 
exhibiting no definite structure, will be readily aadnxtood h 
lefcrence to PUte* L, LI, LII, LIII, LIT. LT. 

The character of germinal or lining nutter can alao be atadki 
very readilj in the common Amaria. Theev low fcuins ot liti^ 
b«Dgi ue generallj found in greitt ntunhen in wat«r coatua^ 
a little deocMBpodng T^etable matter. If carefully rnmifJ 
under the ,', of an inch otjject-glass, the amceba will be ijl^ui ml 
to alter in form, At mriciis pari« of the circamfer«noe pn- 
trusions will be observed. These protrusions cotisi«t of tk 
material which fornu the bssia of the unceb*. It wiO te 
observed that this moving material is perfectlj Iraasfttreat, and 
in it no appearsDces of structure can be discerned. It ia tiw 
that granules and foreign particles ma; be seen embedded in ll, 
bnt tbe matter in which the motor power resides is pcrfeetlj 
clear and transparent. Motion is (vmmunioiigd tv the solid 
particles b; the movement or the transparent living matter. 

In the case of blood corpuscles (Plate L). it appears thai IIm 
outer part of the germinal matter becomes resolved iuto tbe viaoid 
red coloured matter characteristic of tbe red blood eorpuada 
The manner in which this takes place will be readll; ondenlixd 
b; Figs. S3S, 936, and £37 in Plate L. In mammalia, it mom 
that the whole of the germinal matter uf the (white) Uoed 
corpuscle is soon resolved iuto red colouring matter. Tboa tlM 
red blood corpuscle results. The tatter ia not lii'inff, but 
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of mhtter in a colloid stale, which very 80on pauses tuto a 
crjrBtalline form. In eome iDttances, as in the case of the blood 
corpuscle of the Qujuea pig, this change oocura within a very 
shnrt time after the corpuscle has ceased to move, as when it is 
withdrawn from the circulation of the auimal and placed upon 
a glasa slide. In Figs. 33S, 239, 2J0, some of these crystals fonn«d 
from the red corpuscle of Guinea pig's blood are represented. 

Another simple case, showing the formation of formed material 
from germinal matter, may be studied in cuticle, or in the cells 
upou the papillee of the tongue. At first there is but a very thin 
layer of formed material upon the surface of the germiiia! matter, 
and this is voft. so that the mass may divide, and each portion 
may be icivested with a thin layer of this soft formed material. 
Natiient pabulum passes through it tu the germinal matter 
within, and a portion of the latter undergoes conversion into 
formed material. The germinal matter increases, while at the 
same time new formed material is produced. This is shown in 
Pig. S42, a, i, c, and d ; but now (« and d) a ihiolt layer of formed 
material has resulted, which only permits a very little pabulum 
to pass through. The entire cell does not, therefore, increase in 
sise ; but the conversion of g'.'rmiual matter into formed material 
still proceed?, bo that at last but little of the latter remains, as is 
represented in t. 

But let us consider the wonderful effects which ensue 
from a change of the circumstanceK nnder which the cell is 
placed. Suppose the hard and formed material which interferes 
with the access of pabulum to the germinal matter to be 
raptured, or soltencd by the action of fluids, so that pabulum 
may more readily come into contact with the germinal matter. 
What happens I Why, the latter increases. It absorbs this 
nutrient matter, and may even take up the softened and altered 
formed matter, which was itself produced from germinal matter 
at an earlier period. These stages are seen in Fig. 244, /, ff, h. 
In Fig. £45 I, the original mass has divided into several, 
and in t these are set fref, and being now freely supplied with 
pabulum, they grow and multiply rapidly. Such are the changes 
which are considered U> result from what is called " Irritation,' 
and which constitute the essential phenomena of " inSammation,'' 
firitatum, I have tried to show, really means but this, — that tho 
access of pabulum to germinal matter is facilitated, and the 
protective external covering of formed material is removed or 




absorbed pabnlara. Oxjgen acts npon tbc lil 
cell rather than upon that whidh lives. It does not 
directly, but is necessary to the Dontinuauce of life, 
alone may be instrumental in converting the pnylucl« 
ind death into soluble subfltanccB which cnn lie rvadilj 

In the cell phenomena, above describod, the ' niiclAv' takea m 
part. What, then, ia the 'nucleus.' of which many cxunpln «fll 
be seen in the drawings in the plates. The nucleus alao ■ 
of germinal matter, It may be regarded as a new centre 
in a pre-eiisting oentre. lu many masses of gerniiiiikl 
there are, in fact, two or three series of centres, one withui tk( 
other. The nucleus is also germinal or living matter, and it 
appeared as n new centre within germinal matter ainmij 
existing. The vital power or foroe, whateTer ita nature majta^ 
alwaya manifests itself in a|direction from centres,— thnt ia, livnf 
particles of matter move invariably in this direction, 
move farther and farther away from the centre, tlipir riiiil yumt 
becomes less. Living particles do not aggregate togedMTt* 
form one mass, but one mass may divide and separate lute I 
vast number of distinct particles. 

The term ' cell ' was considered tn he applicable to oU the 
elementary parts of which organic bodies were compoeed, and tt 
it had not been laid down arbitrarily that a ' cell ' tnvolnd tbt 
existence of a * wall,' certain * contents,' and n ' uuolcros,' lhti> 
would be far less difference of opinion among observtiis tliw 
now eiists, Dietiiict properties are still attributed to th««e pMtt 
respectively, although no one has ever been able to sbuir tlul 
they really possessed the offices assigned to them. It is ofavlwn^ 
however, that a small particle of living matter will not foil udv 
the definition given of a cell, nor is it possible, by any reasoMUt 
interpretation of the terms employed, to bring white lilood 
corpuscles and a host of other objects into the cell otCgMy. 
To include these the definition must be totally changed. Tbt 
difficulty of including many Iwdies under the old dcSoitiea, 
combined with an implieit faith in its truth, has led naaj 
observers to affirm the existence of a cell-wall, although tKnw 
was present, and at last the supporters of the old cell doctriat 
have taken refuge in the idea, that the 'Mll-mill' may itsnif be 
fluid and capable of running together like the tilin of a aoap 
bubble. The moving matter of the white blood corpusclea, th« 
granular matter around the co-called nuclei of muecle, tho 
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tents (in pnrta, or entire) of the vegetable odi, have been called 
' protofiliism,' but those who have employed thig word have not 
atiuuiaicl; dclined what they include uuder it, and they ttill con- 
sider the nucleus as a distinct object performiDgspecialfuuctioDS. 

To avoid enterii}g into a lung and tedious discussion upon the 
meaning which should non be assigned to tlie words in general 
Dee, I have employed new terma to explain the oonolusions 1 have 
arrived at in ondeavouringto aBcertain the actual meaning of all 
the diflerunt structures met with in various tissues. These new 
terms are those employed in the foregoing account, namely; 
1. Oerminaf er tivinff malta-; and 2, The formtd material. — I 
apply the term germinal matter only to that which lives, 
obaiiges, converts, germinates, tie., while the formed matter never 
possesses any of these properties. Pabulum may bcoome germinal 
matter, the latter formed material— oel!- wall, or intercellubr sub- 
stance— and this last may be disintegrated. The really important 
point is, that formed material of every kind was once germinal 
matter, and that new matter is deposited in one definite direction 
only, namely, ^m within from a centre, so that the oldest part 
of the formed material is that which is most external. 

Moreover, there exists very great confuuon among writers with 
regard to the delinitiop of the terms they employ in describing 
the structure of, and changes taking place in, cells, and no 
wonder, for the meaning of these terms undergoes great modi- 
fication from year to year. 

The living cell, then, consists of germinai matter KaA fonrnd 
The first is the matter upon which alone growth, 
in, conversion, And multiplication depend, and these 
I precedes never occur unless germinal matter, with its 
sUouB vital power, is present. The formed material owes ita 
s partly to the changes occurriug in the matter when 
I the living state, partly to the external conditions present 
I the living matter was undergoing change, in fact, at the 
t of death 1 so that I distinguish vital from tbo physical 
and chemical changes of living beings, and maintain that iu all, 
matter exists in two states ; the first being that in which the 
vilal changes go on, while the lost is the seat of chemical and 
physical alterations. That force or power which compels the 
matter to assume temporarily the peculiar state characteristic of 
all living matter, but of living matter alone, 1 call tital poaer. 

treal nature we know nothing -, but although, in the present 
^— - -- - — 
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statu of knowledge, we oan rorm no conBoption af 
this wonderful power, there are, it seems to me. 
argumccts HgaiDat the notion, now very prcvalunt, 
kiud of ordinar}' force, or that it cotreaponds to what we aV. 
the peculiar property of etich different inorganic substBtioe, b; 
virtue of which each eihihitt oertaia constant oryRbUIiiii 
forms, certain constant hehaviour towards other fnli-tntioef, Aft 
From mj ohservationa, I can draw but oue iiifi^rcaoo witb 
regard to vital power, namely, that it is nut any mudifieUiim 
of any kuowu ordinary force. It iH not another modi' nf motloiL 
It is only monifeGtcd under c«rtuiii conditions, but it docs aotranU 
from those couditious. Tbat it does not correspond tu tbe prt- 
jxrfiVj of ordinary itinninuite bodies, b evident front the fiict,tlut 
It is a power capable of being transferrvd from complex pMiiett 
to particle, and not only controls the manifestation of ordilialf 
forces, but gives rise to the formation of certain compound! Mid 
structures, which are only to come iuto use at same distdDt tim. 
A fully formed oi^n is not Snt represented hya microscupic orffa 
of precisely similar structure, but by a mass without vtraeUrc 
at all, and the fully formed tissues are preceded by the pn- 
duction of several less elaborate structures. Hence thii| "vital 
power" governs not only the present changes which pretw i t 
matter is to undergo, but prepares in advance for chat>gc« wUcfa 
are to occur at a future time. It prepares, as it were, for Ai 
formation of structures long before the compouDds are produod, 
troia which those structures are to be made. While ordhttqr 
force seems for the most part to affect the inrfnce of mmm. 
vital power acts from the very centre of the most minute |>uticle 
— DOW ptiwer aeeitiB, as it were, to be for ever eniaiiatiiig bwa 
the very centre of particles of matter already under the influenM 
of this power. While ordinary for(» may change its form, it 
Oannol cease or be annihilated ; but there is no evidence ta Aam 
that vital power changes its form, while, as far as is known, U 
may be said to cease,— since no one has yet proved that, wbta 
living matter dies, any kind of force is set free ; and, allhomA 
it has been asserted tbat more force is tiiken up in the fbrmatioq 
of a brain cell of a man than in the formation of a ytMIt 
quantity of vcgetiible tissue, there is no evidence in fti 
such an hypothesis but the dictum of speculative writers. 
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Pig, 230,— a. The smallest viaible particles of germiiinl raatter. 

h. Small cuUectiona of germiaal matter, with u little formed 

niaUrial betweea them (as in diucub). In ooe. portioua rue seeti 

to project, and if these were detached each olc wuuld grow aiid 

give rise to new masses, e. Qerminal matter, with a very thitt 

lajer of fonned material du its citemal outface (c«ll-Wtt]|). 

d. Bame as the lust, but with a new liEntre of growth (iiucleiu), 

now auDipnrativol)' quiescent, but capable of aiisiuniiig active 

growth, appc'aring iu th« gurmiiial inatter. If e were exposed 

to uiifnvuurBble couditious the whole would be destroyed, bat 

Luuder similar ctrcunutaoccs the nuulem of d might alone resift 

tli«se influeaoes, and the conditions bcuuniing favourable, would 

I nud produce new elementary parts, although all but this 

I Huall portion of tlie germinal matter liud Iwen destroyed, e. A 

i thick byer of formed material, the wholo of which was at one 

I the state of jjerniiual matter. /. Sccoudnry deposits 

LoommeuciuK to appear umungHt tho gumiiiml matter, as fatty 

r natter is precipitated amongst the gennimil matter of the fat 

I Yceicle. ff. A further stage of the name process, h. Separate 

A eecoudary deposits, as in the starch -holding vegetable 

L mUs. >• Depo»tion of formed material or sccoudoty deposit iii 

liUlcc«ative layers un the inner sur&ce of the original capsule, 

intervaU in which currents are cnutiuually setting 

1 opposite directions during the life of the germinal matter 

t. Oerminal matter aud formed material which b 

inular, the particles of which are becoming resolved into 

liveral substances hs takes place in the elementary part of the 

T tlivcr cells). I. Formation 'if fibres from germinal matter. 

\m. Qerminal matter belonging to and takiug part in the fonna- 

|i tiou of the walla of a tube. 

tig. 231.— Five young starch-holding cells of the potato, 
showing the outer thin layer of formed material (ocl) wall), the 
germinnl matter (protoplasm, primordial utriole) with small starch 
globulce precipitated amongst it, also the nucleus and uuoleotus. 
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Fig. S33. — A fall]' fonned gt&rcfa- holding cell of t(i« 
potato. The primordial utricla hu 1>eGn remored frum the rt^t 
Ik&lf, in i^rdcr to ehuw the starch glubulei within more diMlnctlj. 
The Ducletu and ouclealug are SMm 'in thv ranatniiig p«nidB. 
Aronnd »re portions of adghbuuriiig cellg, the wall of whieli ut 
aeparsted here and iheie bj coiupreesed bubbles of tar, ludioBttd 
by the *erj dark shading. Below are aeen some etotigated oeB* 
with nuclei and nucleoli. The»e pnibabtj' become splrs) voMtk 

Pig. 233.— One uf (h« large cells with thick wftlla, co i i UtiBW | 
no Btarcb, but exhibiting pores vhich oic, however, dowrf 
eztcm&Uy bf a thin layer of the original capsule (cell wnll). 

Fig, 234.— A piece of the wall of one of the cells figure) in 333. 
magnified 700 diameters, showing the maoner rn wbioti tiw 
material applied to the thicken iitg of the wall is added. U/er 
after layvr. upon the inner siirface. The iuui-Tmust Layers an Ui 
the left hand, in the position in which the figure is pliLc^d. 

Fig. 23S— d. DiviBion of verj young white bloud eorpuKlM 
of the ft^, and formation of the outer coloured portiOB. 
b. " Kuoleus," nucleolus, and outer red formed malarial, t. 
Chauge iu form of outer red formed material, showing tliftt ll 
cousists of soft viscid matter, d. Movement of gennitml 
towards the surface of the red formed material. 

Fig. 236—^. A young corpuscle of the frog, not y** 
A. A young red corpuscle ; rormation of coloured portion, 
young red corpuscle; a part of coloured portion fullv ruciMj. 
J. A ^oung red corpuscle ; coloured portion and nucleus. 

Fig. iSl-'i. Ad oval corpuscle of the Irog, become epberical 
iu weak glycerine, /. Division of germinal matter of " nucleus ; " 
in the viscid coloured matter of the corpuscle, m and n. Old ni 
corpuscles which have not assumed the spherical form. Nekriy 
the whole of the germinal matter has been converted into colaaied 

Fig. S38,— Disintegration of the red blood corpuscles of the 
Ouinea pig, resulting from the application of slight beat, 
have separated into several small particles, each of whi 
assumed the crystalliae form. 

PtiTH LI. 

Fig. 239,~Chauses in form of red blood corpuscles <rf C 
pig after removal from the body, without the applicatioD d^Jj 
or the addition of any chemical reagent. 
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Fig. 240.— Disintegration of the reil blood eorpuscleg of tlie 
Guinea pig resulting frota expoaure to heat. 

Fig. 241.— Mucus corpuscle. From the miioua of the throat, 
showing the different forms it aasumed within a minute. The 
nuclei are seeu in tfie ct'utre of the pitrent mais. PortiouB of this 
have moved &way Bome dtatJiiiue uud two are detached. Tlicee 
would grow and funii new mucus corpu§olea. Nuclei might arisa 
iu the portious detached. The rauTeniente observed eecm tu be 
independent of the nucleus. The nature of these movements has 
not yet I>een expiaiucd, but I consider them to be " vital '' 
movemeute. 

Fig. 243. — Nomml epithelial cells in different stages of gniwth- 
a, is a growing cell near the vascular surface ; A, is aii older cell ; 
e, is more advanced ; d, is still older ; sud r, is fullj advanced, 
and aliout to be cast off. In all the drawings, the roundish 
granular mass Tepresents the Using or germifial taaller, and 
the outer faintlj-flhaded Isjer the formed material, which 
was onoe germinal matter. In the normal state, nutrient 
pabulum gradually passes through the farmed material into the 
liviug ur germinal matter. Certain constituents of the pabulum 
immediatelj acquire the same wonderful powers as the germinal 
matter already existing, while the particles of germinal matter 
upon the surface of the mass undergo change, and are rosolved 
into the formed material of the cell-wall, and into other matters 
which pass away. This formed material is always formed from 
viithin, BO that the layers first produced are pushed outwards by 
the formation of ucw matter within. This may be iucorporated 
with that which was Srat produced, or several sucuessive layers 
may be formed one within the other. The germinal matter is 
the only furmativt, hving, growing, or active part of the eeU. 
Qerminal matter forms germinal matter from pabulum, and 
becomes converted into formed materiaL The latter is inani- 
mate, and cannot produce matter like itself. 

Fig. 243.— An epithelial cell, with the germinal matter exposed, 
so that pabulum would come into contact with it Ircely. The 
outer formed material ia torn or ruptured mechanically, as in a 
scrateh or in consequence of a prick by au insect (' irritated '), 

Fig. 244. — Epithelial celts, the formed material of which is 
soReued and reudcred mure permeable to the nutrient pabulum. 
tinder these circumstances the mass of germinal matter iii 
in size, as in /, g, and aooa begins to divide into smaller portio; 
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Puts •eem to more xw^j from the general hum tk\ 
IpngiL become detached, and tlins ecTCrtl K<|nirate iiii^* ot 
genuiu&J mstter. which ar« emV.edded in the sulUned uid alMad 
formed material, result (Fig. 245, i). 

Fig, 245.--t, i-. The germiuftl mutter of epithelilil odla * 
ing verj rapidi; aa io 'ioflaiiimatiun ' and giring riw 
pQBcles.' When the formed material ia ruptured or 
one point, the germinal matter BOtm escapes, leaving the reiaaiw 
ofthe cell-wall (formed material of the origioalwlli beliiird. Or 
the maatea of germinal mtitter increase in taxe, and even li»« at 
the expense of the eoRened fonncd material, which woe fonned 
from the original mass of germiuol matter, and at length escape (*)- 
The free mafses now iji cantact with the pabulum grow atid mul- 
tiply rapidly. Each forming npoa its surface a more or less viMod 
material, which corresponds to the formed material cfUie 0*11; bni 
is softer and much more readily permeated by ntilrictit lamltar. 

In this way the so-called inflammatory product pttt raalb, 
and the obuorroal pus-corpuscle is produced frutn the jwwnMt 
or limng tnalter of a normal fpMtlial «W, in coiuorturwM <^ (*« 
germinal maUer ofthU cell Uiug mpjiUed wilK pahuimia «*•<* m^ 
fred;i than in tht normal Oatt. 

I have arrived at these conclusions from studying th« elunges 
which actually occur in specimens coloured with carmine, by 
which the "grrminal mnlttr" ean in every case be readily 
distinguished from the ^forratd mnltriiU^ The nature of the 
changes occurring in cells in inflamraatioQ can easily be expkintNl 
if the artiRcial nomenchitiire of cell- wall, cell -con tents, uudeuA 
be given up. In all acute internal inaammatioua a muoli Ut^ 
qiiantity of inanimate pabulum is taken up by eerUiu oelb ud 
converted into living matter than in the normal statu. Denoo 
there is increase in bulk. Cells of particular organs, which Uwlwt 
slowly in health, live very fiist in certain forms of discnae. M«« 
pabulum reaches them, and they grow more rapidly in oonsequoooft. 
Fig. 246.— Vibratile filaments and minute particles comuaUiig 
of viscid coloured matter. Blood corpuscles of human subject 
oltcr being subjected to heat. X 1800. These filaments very 
closely resemble bacteria, and must not be mtstakeu for them. 

Fig. 247.— Bacteria or vibrioucs nullified 1800 linear. From 
the mouth. 

Figs. S4H, 349.— Vibriones and fungi in old cpilheliaX otOs of 
the mouth, magnified 3,000 linear. 
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I Fig. SM.— GerminaUDn and growth of common mildew stained 
trith ctirmine, x ISOO. a. Spores, slightly swollen, showing 
/omud titaUrial outside and germinai mailer within. &. Spheric^ 
particleH of germinal matter set free from a spore, b. x 8pore, 
with ita external envelope of fomied material opened. 
c. Spherical particles of germiunl matter within eporeincrensing in 
sise and dividing, Pores vieiblu in envelope, d. Some of tlie 
particles of germinal mutter have increased at one point, and 
have extt^nded from the spore. They eontinuc to grow rapidly, 
being protected only with a thin layer of formtd materioL 
e. A spore which has much increased in size, but from which no 
off-ahoot has proceeded. The thick successive layers of formed 
material are seen. The oldest layer is outside, the youngest in 
immediate contact with the germiual matter. /. A spore from 
which ati uff-shoot has proceeded. The germinal matter of the 
uff-shoot has been deecroycd, while that of the spore retains its 
vitality, p. A part of the Ihallus, the germinal matter of 
which is dead. The external tubular membrane relaiiu itt 
l^i/Mcal eharactert. h. Portions of thallus in which the gemiinal 
matter is increasing most rapidly in certain spots. Here 
branches are formed, i. A young branch, t. An oldur port of 
the tholluB, showing the septa of formed material and the points 
at which the genninal matter was originally continuums. The 
formed material is thicker than in A or i, and the germinal 
matter is a little shrunk within its tube. i. A spore from which 
an off-shoot has proceeded. The envelope is seen to be very 
thin at the summit, where growth is occurring moat rapidly, 
in. Hporo with two off-shoots from opposite surfaces. These have 
grown and are giving off branches, but the continuity between 
the germinal matter in these and that in the spore still exists. 
a. The germinal matter of the spore is dead, and forms a 
collapsed mass within, while that in the uffehvot retains its 
vitality and ia increasing, g. A very old spore which has 
germinated and grown mnoh larger. Au off-shuot has also 
proceeded from it, but, from King exposed to couditicns un- 
&vuurable to its free eitensiou, ih^ formtd material has increased 
enormously in thickness by the deposition of successive layers on 
the internal surfece. p. A part of one of the stems which grow 
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t JbIo tbe tir, bnro%oa Us Monnt oral ofanlM, frna lh»| 
■ iMlirir of Mtfaieh llw tfonm tn tomad. r. A aepsnte 

Pig. 231— Twu portMM of ibe ««■ of » bw wwd 
■tDnmitnfftKTcnriiigBlKMt. Ti«euUao(K>BtnB*gTE«apaa 
part of tlie tMitar lajec of the brmed mteriol. Tfai* w 
in thiakoen by the d^meitioii of new kjin from Um 
matter The ooDtunutj between the 
it iiill seen. i. From an older p«rt of tlw «t«n, 
mode of fonnaiion of the apores. 

Iliese (ipires illuttraW the Inllowiiig poiaU : — 

I. That everj living oTgaQitm, and exerj elemetitaxT 
an bi^niani, consists of matter ii 

growing, active, UDdergoing change. Formal mattriat, 
haa been formed from the germinal inatt«r, paaaiv«^ 
capable of growing or of selecting nutrient But«lai>c«B. 

X. That the formed maltrial ig on the outside of ibe 
matter, and is increased in thickness bj the depjsitioD of 
matter on its innfr surface. The outer patt of iba 
material is the oldest ; the inner that wliich hM, 
paaaed from the state of germinal matter. 

3. That the masses of germinal matter 
Spherical particles, and these, again, of smaller 
ajiO,i). 

Fig. 262. — One of the ganglion cells, with nc 
nected with it^from a nerve distributed 
ox. The large nucleus of the ganglion cell is aeeii, 
substance, principally near the surfoce, a number of 
nuclei, resembling those in the nerves, are also vinble. 

Plite LIII. 

Distribution of Jinea micUattd rurvt fhra to the W>y j 
^tmttiiarg mwicularjlitret of tAe mylo-iyoid of tht tittU gt 
' frog (Ujla arborea) magnified 1,700 £amttm. 
Ueck by tht author. 

The elementary muscular fibres ai 
very young one, slightly stretched ; i 
fibre ; k, another stretched in its ct 
these fibres exhibit suuie difference ii 
are distinot in all, and in the fibre marked g the uudei, whiok 
were coluurud bj carmine, eshibit three difiereut ii 



:e marked y. A, *, t. I 
is a fully-furmed n 
:ntra] part. The 1 
i and form, MtK 
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colour, — the dark ceiilml spot, " nueleoItiB," being loost intenaaly 
coloured, as indicated by the shnditig iu the drawing. 

a is a uervc-filiro which waa followed over more than twenty 
elementarj m'tscular fibrea from a durk- bordered fibre. One of 
the subdivisions of this fibre ts eeeii at /, where it again runs 
with a very fine dark-bordered fibre (n). The dark-bordered fibr« 
(o) was some distance higher up in the specimen, but ite place 
has been dtered in order to avoid the neceasitj for a still larger 
drawing. Above &, a Bncleus of a very fine nerve fibre is seeu. 
Such nuclei lie upon the surface of the musculnr fibres, external 
to the sarcolemma. The nucleus often appeari as if it were 
within tho sarcolemma (c), but the fibres proceeding from each 
extremity render such a position impossible. The relation of 
these nerve nuclei to the sarcolemma is seen at I in profile. The 
nuclei, as well as the fibres for a certnin distance, often adhere to 
the sarcolemraa very firmly : but in the thin mylu-hjoid muscle 
the course of the fibres over or under, but always txlemal to the 
musculnr fibres, may be readily traced if the niitscular fibres be 
Bepnnted slightly from one another, as represented iu the 
drawing. 

At d fine nerve fibres accompanying the fine fibre continued 
from the dark-bordered fibre, as described in the " rhilomphieal 
Traniiaiont" tor 18G2, are represented. Buch fibres are also 
teen at r and /. 

m, ». and o darl-l»rdered fibres, with nuclei, near their distri- 
bution, m would probably pass over siity or 70 musoular fibres, 
and « over perhaps twenty, before it divided into fibres as fine as 
those seen at b, e, f, I. 

p a very fine capillary vessel with a nerve fibre running close 
to it. 

y a bundle composed of six very fine nerve fibres near their 
distribution. These fibres exhibit a very distinctly beaded 
appeotance, which is also observed in many other fine fibres in 
different parts of the specimen. 

Traces of connective tissue are seen in all parts near the fine 
nerve fibres and around the muscular fibres. Here and there 
some very fine connective tissue fibres, which were nut altered by 
Bcetio acid, are represented. These represent the reniaiiis of fine 
nerve fibres, which existed in a state of fanctiooal activity at an 
earlier period. 

The drawing, with the exception of the position of the nerve 




nbove-mentioned, is an Doti)&l oopj from mture. Tli 
...^ p'leitbn of the muscular fibree, the furni and general 
.meters of the Ro-caUttd nudei, and tlie puMtian and size of Ui« 
.'»p fibres and their Duclei, have lieen carefully preserved. 
have traced the very fine ner?e fibre* in bo many inflaiuci 
L one trunk to another raniLryinfr at a very oonsidenUe 
.□ce, thut 1 MLOnot believe any true terminatioua or eait 



Plate LIT. | 

g. S54. — One of the ganglion ielU embedded in the tnink ut t 
a ucTve near the lumbar nerves of the greea trec-trog (H^ | 
ftrborca). The cell was isolated by dissection and prBHsore in 
glycerine. A gtraighi fire is seen to be coutinuoiis with the i 
central pnrt of the ci:ll, and a n pi rai fibre orfiiiift with its drcna- 
ffK'iic-o. The m-AiU-r ..f wLmJi iJk: L...-ly ..f tl„. ci-!l i- (■■..inj.-se.i 
passes into the fibres. The gennioal matter was coloured with 
carmine. Tlie broad fibre forming the continuation of tlw 
nucleated spiral fibre is a true ' dart bordered Jiirt.' x 1,800. 
Jan., 1663. It is observed in the specimeH that the strai^t 
fibre passes in one direction in'tbe trunk of the nerve, while the 
fibre continuous with the spiral fibre passes in the oppodto. 
This is one of the anatomical facts which has led me to conclude 
that nerve fibres always form complete circuits. 

PtATB LY, 

Fig. 255.— A mass of imperfectly developed gsnglion cells. 
a, a mass dividing into two. b, connective tissue corpuMle. 
c, nerve distributed to capillary vessel, e . d, a more adv&nmd 
ganglion cell exhibiting straight and spiral fibres ; it« stisigfat 
fibre is much thicker than any in the bundle of fine fibre* 
passing into the body of the ganglion, x 1,80(1. Every oa« of 
the cells represented in this figure would at length grow into m 
distinct cell, like that seen in Plate LIV. 



^Hb^^li^H 






TM 






i^H 




llil 






lIlV 


V '.^ : j^CT 1/ '■^Wj^ >• - .. M ^1 






^^m 




^^j^H 


^^^Pi 


1 




^R^fe-^ 




-^^ 


"^^■^BT --' i iiaBBwSrT^^^^^^^H * 






i^8^ ' ' VyHSor^ 1^491 




/A 


r^B^^^' J v^KSS^^'^^^sIr 




^M 


W^^^^^^^m 




-s 


^^Mh9[^^^^^ 






F^3B^ ' i^^HH 










W)lo-Ii5<>ldHowrl>alllieimieOrHiirreeKn,x|l)l'<iArIi..noj. |in<r)i on the block ^^^^^ 




b,tUt 


Antlior, r-im i tpHtaw muNiliul ITi'i OiimrKrl (Ibg lint tolnlj.flnb u-odt ^^^H 


I 


S.."." 







^■^ 


^^^^H 


B^^l 


■ 


H 








^^^^1 


d 


1 


fc^ 


^^^ 


wt 


m 


1 


^H 


-^ 


m 


r 


iS 


\ 


1 




/] 


I 


/ 


-^ 


^ xMMV ^^^^H 






q»^^«fiwy^'^!i^^^B 











L 



m 



I TIIE MICBOBOOPE. 



CKAPTEK SII. 

Of MiKtNo AHD Recokdinq MiOBoacopiCii, Obsertjl- 
TI0N8. — Of draiffing Iiiferenen Jrom Obteroations. Fal.- 
LAC1ES TU BE orABUKB jtOAINST IS MiCBOBCOPICAt 

Ihvestioatiok.— -Erroi'e w/" Ulitfraalioa — Of the Com- 
meneru'ent and Trrviituifion of Tubri — On Ihn Difficulty 
of neeintj Straelum from their extreme Trannpareney — 
FUirei and Mrmhranei produced Artificially In/ the Action of 
Reayenla — A Fibroue A/ipmmnce produced irt Istrueture- 
few Memhranee — Collrclion* of Oil-globutei appearing at 
if within a Cell — On thr accidental PrmeHce of extraneou* 
Sub»tanee». Or Ubooediso Microscopical Obsekva- 
T10N8. — Kxticlnon of Description — Of the Importance of 
nmktmi Sh-{chr>. 

310. Of m&kiDK Obaarvationa apon S|teofiii«iifl In tho Kloro- 

acope The eye of the observer requires muvh cnrefol educatiou, 

hefor« he is able to appreciate tullj the character of the structure 
which he ie exaraiiiitig. ir, upon ciamiiiatiuii. a, speciiuen does 
nut appear to him to justifj the dcBoription or deliueation which 
snme ol«erver baa given of a similar structure, he must not too 
hasiilj infer that the author has been recording the results of 
his imnginalion rather than observed facts. We nmat rememher 
that the conclusions which have been arrived at are probablj the 
result of a Tery long and patient iuvostigation, deduced from 
exaniining & spedmen under very different circumstancos, ufter 
the Bppli cation, perhaps, of various chemical reagents, and after 
asccrtniniu^ the effect of different refractive media. From tlie 
rcmarke mndo in Cliapters T and TI, some idea may be formed 
of the many different operations which ara necessary to deuioti- 
Btral« conoluaively the anatomy of a single tissue. The observer 
must not, therefore, be too hasty in deciding upon the nature of 
an object ia the miaroscope ; neither must be iofer that what he 
has not l>eeu able to sec dues not therefore exist. 
Some fall into an error of the very opposite description, but 
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not less detrimentiil to forming linbtta of comet 
Led away by their imaginntiou, they think they tee ererythat 
which hfis been delineated, or which they have hcaird deMrribri: 
the observations of authors are confirmed in e»pre»a»an» chadf 
resembling the original, and thus, in point nf tatot, lh«ir Ml 
testimony is brought forward, though not directly by thciBwlf^ 
a second time in favour of iheir originai doctrine*, withiiat aq 
real confirmation of the acooraoy of their views beiog 
In this mai>Der errors have been propagated atid Incvcued ti 
an extent almost iiicredlbie, aud years of laborious inv«Mi 
have been spent in overthrowing acalemeiits which bad 
resulted Tram actual observation, in the first instJince- 
an idea, taking for its ingenuity and novelty, but hnnng M 
foundation In fact, is seized bj a number of persons, and i 
ported by ao many different observations, tbat it ootmt U 
received as true, and is perhaps believed in tat yeaire, nntil* 
one reinvestigates the whole question, and detni>nstntM 
absurdity of the doctrine. 

311, Of BrawinK Inferenou trom Obaerrattons. — No oOil 
gaged in the pursuit of any branch of natunU seienoe is n 
tempted to be led into too hasty generalisation thim the nd 
soopical observer. It is his duty, therefore, to avuid dr»iri>| 
inferences until he has accumulated a vast Dumber af bcu k 
support the conclusions at which he has arrived. True gcoHld 
sations and correct inferences promote the rapid advanccvwMl 
scientific knowledge, for each new inference clearly funiw ll 
starting point of a fresh line of investigation ; but m intt 
remember that, on the other hand, every false 
garded as an observed fact, forms a terrible barrier to 
progress, since, before the slightest useful advance can be vaai 
it is necessary to retrace our steps, it may be for a oonstdenU 
distance, before we can hope to rtcommence our onward 
Again, a much greater amount of evidence is always required 
overthrow a false couclusiuii than is sufficient to propagate lb 
error -, and there can be no task more unsatisfactory tbui I 
compelled to subvert the opinions and deductions ol others. 

In this sort of inquiry 1 think it is a good plan not to n 
too minute notes during the progress of the inveEtigatluu, bu 
retain, as far as nay be, the facts observed, in the memorj ; 
when the whole matter is made out, Init not beforo, to ll 
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writing and recording the obeervations. Otherwise, imperfectly 
obBerved fautH are liable to be set down na aotiial facta, and 
argued npon as truths ; and thus the observer is perhaps gra- 
doallj led more and roure astray, until he eode b; a cooclusion 
utterlj at variance with the real truth. 

Bcieutific inquiry ought coT.tiuiuilly to advance, and we should 
be able to extend our researches from the point where thej have 
been left by our predeoessors, adding sucoessiveij to what the; 
had discovered ; but the observations which we ewo to then 
should not require currectioD. Id not a few instaooeB must we 
feel the highest respect for the careful observatious of the older 
observers, and I fear it must be reluctantly confessed, that roimf 
of our modern researches are not carried out with the same 
patience, paiostakiug industry, and conscientious cure as theirs, 
and for this reason nre likely to Iw but short lived. 

Mow, there are mauy mistakes which an ol>server is very likoly 
to commit, unless he be warned of their nature in the first 
instance. Bonie of these it will be well for me to advert to sa 
brief! J as possible. 
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Many mistakes have arisen in oonsequenoe of sufficient oare 
not haviug been taken to prevent the introductiuu of various 
substances by accident. The most scrupulous cleanliness must 
always be observed in microscopical examination, and any foreign 
particles which may have accidentally come into contact with the 
preparation must be carefully removed before it is mounted. 
The plan of proceeding will depend much upon the nature of the 
texture and that ot the foreign matter. Mere dusting with a 
camelVhab brush, washing in a stream of water, or picking out 
the object with needles, are simple plans which are often efficient 
iu a general way, but in some cases other processes are required. 
.%« 5S 86, 180. 

aia. Errors Of Obaervatlom. — Every observer must be careful 
to avDid making erroneous observations. One is liable, not only 
to draw false conclusions from observations, hut the ohaervatious 

t themselves arc not uuftequently erroneouB. 1 propose to draw 
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■ttenUoii to » few of what appwvr to rae frequent aooiOM of 
difficult; and doubt even to the most eiperteiiccd. 

819. or tbe Commencemeot and Tennlnatjon of TabM.— 
The modes of coinmcocfMnent or termioation of certain vctwlc or 
tnltes liave lotjg been sources of dispute amoug oWrren. Tbtn 
are not a few instances where positive etatemeuta luiTe Imm 
made that certain tubes comineoced b; cwcat or bltnl 
estremilies ; while contradictions equalij positive h«ve beat 
advanced bf others, who have altirmed that the very aame tubs 
comnicnced as a network, and presented no blind 
whatever. It would be supp<ised bj mau; that this point I 
be determined beyond all doubt by injecting the tubvt witi) 
ooloured material. But this is not bo. Injection 
run up to a particular point in the minute Tesaels, while on ftnCB 
which could be applied could drive it hirther onwards. Hm, 
therefore, it accumulates, and often toa very coneidorablt extent; 
the portion of the tube above the constriction being couiidenlfr 
dilated by the pressure which has been applied. Uoder fhmi 
circumstances it ia impossible to trace the further continoit; of 
the vessel, owing to the extreme transparenc; and delicate aUan 
of the tissue of which its walls arc composed. lurleed, then taaj 
be quite invisible in an unprepared specimen. The ohacmrii 
thus led into the error of suppoelug that such tulies teriuiitats in 
blind extremities, whereas they may really form a network with 
largo meshea, or they may be continuous with other stractimi 
beyond ; and that which was taken for the termination or mat- 
mencement of the tube may reall; be nothing more thkti ■ 
bulging in a central part of its course. In many thin sectiouflf 
the kidney an appearance as if the tubes terminated in tnt 
blind extremities is produced in eoujcquence of the coiiTuIiited 
portions of a tube lying in such a position that the lueum i 
portion ia immediately beneath the most supcrBaial part of A* 
tube- From a mere examination of the specimen it would te 
impossible for any one to eay thai this was not the caw. !■ 
such instances the real disposition of the parts is only to b* loafc 
out by a careful examination of the structure under iilfi«nBt 
circumstances and prepared in various ways. Thus the ides tit>l 
the tubes end by bbud extremities may be shown to he mdli 
inooiisisteut with the appearances observed in one partjenltr 
mode of examiuing the texture. I am unable, however, to denle 
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maah time to the cooeideriition of this part of mj gubjeot, or I 
might review the Tarioue methods in which a tiEBue is exuitiued, 
luid show how bj A consideralioa aad comparieuii of the ditTereut 
beta obBerved, one ia enabled at length to embody the results 
arrived at in several different inquiries, aud farm an idea of tho 
real structure of the part. The remarks offered iu Clmpterg V 
and VI may be referred to. 

314. On tbs DitBcuItr of Seeins Stmeturea from their 
Truiapareney. — Another fallacy ariHes from the great tnuie- 
pxrcncy of certain structures. Ofteutimea a. membrane may 
appear perfectly clear ai>d trausparcut when in reality it is 
oOTered with a delicate layer of epithelium, which only becomes 
visibte by being immersed in some special fluid or treated with 
some purticulnr chemicaJ reagent. On the other band, there are 
inat&no«s in which an appcarnnoc resembling that produced by 
the preeeiice of a cellular investment is perceived where no cells 
whatever exist. A peculiar corrugated state of uuiujcoted 
oapillarieB, and the culls in the walls of the capillary vessels 
themselvea, sometimes give rise to these mistakes. Basemeut 
mcnibraiie, from its extreme delicacy and trausparency, is often 
only recogciixcd by the fotda into which it is thrown, or by the 
debris and granular matter which is accidentally adherent to it. 
Sometimes it l>ecomeB risible when irameraed in a slightly- 
coloured solution, instead of iu perfectly pure water. 

SUt. Flbrea uid MembraneB Produced hv the Action of 
B«*KentB Artificially — On the other hand, by the action of 
reagents a hbrous appearance is sometiuiea produced which, 
without care, may be mistaken for actual structure. The 
addition of acetic acid to many preparations frequently produces 
a swelling of the tissue, with the elevation of a clear membranous 
structure, whieh might be termed basement membrane, but 
which has really been formed in this manner. Thus the outer 
uiicalcibcd portion of the cells of the enamel of a young tooth, 
may be mode to swell up into a transparent mass, which wus 
migtakeu by Prof. Uuiley fur the membrana preformativa. 

816. A FibrouB Appeuraaoe Produced In Strnotursleaa 
HembraneB.— Clear, trniispareut, and apparently structureless 
iDcmbraues, when pressed, torn, and twisted, have a fibrous 
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appearance, and delicate veBsela, whose ooale >ra 
transparcTit when pressed and collapBed, may ho rtij 
mutaken for a. fonn ol fibrous tUsue. Bath cttpillorie* an4 fot 
norve fibres maj' be iniEtaben for fibre* of eta^ic tiame. 
Capillaries uoinjecti'd and strotched, can oa\j he dUtingnisM 
from fine nerre fibres with the utmost difficulty. If »oj- 
exist in such a case, it maj always be olearod up hy injecUi^ thi 
oapillaries or the part with a clear transparent matviittl, 
plain BiEe, when, if the fibrous appoarance ie not real it will Ic 
lost ; while if fibres reoll; eiiated, the; would etiU be vbOik. 
The presence of capillar; vessels in a 8truotur« Iwa bHI 
entirolj overlooked in cousequence of their buiug cuQApM<! ud 
shrunken, in which state the; have been descriixsl aa Sbnw 



317. Collection of Oil Qlobulea AppeaJ-ins' &a U vrllUn a 
Cell. — Oil globules in fluid not unciinim<i!i|ir form email and 
uearly spherical masses or colletitions, which hot-yiae oorool 
with a certain quantity of miicue or viscid matter and grvHlci^ 
ori^nally contained iu the fluid, so that the liitte intervali 
between the roiuute oil globules become filled up ; the untfiiB 
of the mass is perfectly clear, and sharp, and well defined, nl 
from mere ocular examination it is impossible to eay tt»l(b 
oil globules are not euclosed in a cell-wall. A couaidaatiMt rf 
the circumstances under which such structures haw been aMI 
with, will often assist us materisJl; in determining their nil 
nature. Such cells maj be prepared artificially without ihv loA 
difficulty, and in some cases it nould not lie possible tu diatingidlk 
the artificially formed ceil from the natural cell by rimre mkir»- 
scopical examination in water, and the process of tJtiLiug WMaU 
only act in cases of natural cells which were <)uit« fresh. B 
need scarcely be said, however, that with respect to the fomuUiM 
of these bodice there is no analogy whatever. * Of the aftiSoU 
cell the most external part was laat forniid. It wus dept«lM 
around a oollection of particles. But in the natural c«U tit 
outer part is the oldea jmn. It was produced /le/urt tlie inUtci 
in the oeutml part of the cell was fonned. Probably tht onif 
observer who maintains that living ceUs are formed by th« mm i^ 
gation of granules, is Dr. Hughes Bennett, of Bdinburgli, wha 
thinks that a bacterium is formed by the coalescence uf 
existing particles. Dr. Bennett admits, however, that sudti 
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orgauisms tnoltiply by division. Sm n controversy upon this 
Bubjcct in the" BriCiJi Medical Journal," J&a.,Fsb., March, 18&4. 

319. On the AcoldsntoJ PiesBnoe of EztrBneous SabetanMi. 

— [ believe, howyvcr, that the most cotniuou cirora may be traced 
to tbe accidental presence of auhstances which are not familiar 
to the observer, and which are mistaken by him for bodjea 
derived from the orgauisnis he is invMtigating. 

When we conaider how minute many of the structures rendered 
evident to the eye by the microscope are, we sbnll scnrccly 
wonder that many light substauceB are liable to come in contact 
with the specimen which ia under examination. The cotton or 
flax fibres from the cloth, starch gtubiiles which adhere to the 
thin glass (for the small pieces are often kept iu starch), portions 
of feathers, various kinds of hair and oil-globules are among the 
sntistnnces which are most frequently met with in examining 
different structures, and I need hardly say that their presence is 
purely nccidenUl. That I am not giving needless caution upon 
this head, is shown by the fact that in a well known and otherwise 
highly valuable publication, a drawing of what is evidently a 
portion of feather is described as a representation of lymphatie 
ivateU, — vegetable hairs are described as nervi film, and sevenJ 
other errors equally unpardonable occur. Now, such mistakeB 
could only arise from utt«r ignorance of the characters of some of 
the cominitnest objects with which every oliserver ought to be 
very &niiljar. 1 would very strongly recommend every one to 
study the characters of all these substances liefure he attempts to 
make any original obaervatiuus. He ia sure to meet with them 
from time to time, and tbe sooner he is well auquaintcd with 
their characters the better. 

Tbe following should be very carefiilly examined : — 

Oil globules, milk. 

Potato, wheat, and rice, starch, and bread crumbs. 

Portions of fiuthers J worsted. 

Fibres of flax ; cotton; and silk of different colors. 

Human hair, cat's hair, hair from blankets. 
^^ Fibres of wood swept Irom the floor, fragments of te«- 

^H leaves, hairs from plants, v^etable cellular tissue, and 

^^L spiral vessels. 

^^B Particles of sand. 

Hkt7 0l 



J of these extraneous substances are figured in Plate LVl. 



246 irow TO woee 

In the examination or depoeiU from fluid wo tnititt I 
mind tlie poegiliilit; of the introduction ofa snuil] quutUtjr ofra 

depout iutu &Dother bj the pipette used for cKainiuatiua, and i 
this eimple manner much difficult; and confusion mnjr tie canw 
to the microBCopist. The pipette should be well wivsbod uami 
diately after it has bueu utted. and tbe water wliicli la iw 
ahould be very frequently ohatiged. In takinf^ d 
different IwtlJes and other vessela th« possibility of i 
varioua Bubitancw must be borne iu luiud. 

aiB. orBMordiiv UiOvoaoopIcal ObBerrtitioKis.^Tnki 

of mioroscopictt! observaliong is a subject of grcat inip 
observer mast endeavour to acquire tlie habit of t 
words the appearance of objcots utider the mierotcopc 
probably not so easy aa would at first be supposed, nitliough n 
doubtedlj many persons are able to describe what tiiey aw mudt 
more correctly, and with greater facility, than others. AeeniKj 
Id describing microscopical spccinmna can only be acquired t^ 
practice, and t think it a most excellent rule to t&ke not«a of tltt 
appeannocs of every object submitted to esamiDation. The Un 
ifl well spent, and much of what is so described is retained in tl 
memory. The nt>ies should be short, and should cHinoiat of ■ 
simple statement of points which have been obsurwd. 
should be carefully avoided, and nothing should h^ staUd witlMMrt 
the obBcrver being thoroughly satisfied of its accuracy. If lie b 
not quite certain ot any oliservatioii, he should express hia doabte 
or place a note of interrogation after the etatemeut. Tbs tw ol 
indefinite terms should be avoided as much as posaihln, and wfam- 
ever any particular word is used, a definite meaning shnald \m 
attached to it. Much confusion has arisen from tbe uea uf U 
which have not been well defined. Thus, the word "ffranuJt,' by 
many authors, is applied to a minute particle which apptuira ■ 
small speck even when examined by the highest powers, as « 
as to a small body with a perfectly clear centre, and with a well 
defined sharp outline, which would be more correctly termed m 
small " gtdiule," 80, again, the term "moUcult" has been en* 
ployed in some cases synonymously with "trrmuU," bat it would 
obviously be wroug to speak of a small globule as a molecule, 
seems to me very desirable to restrict the terms "gmnul*" w 
"molecule" to minute particles of matter which exhibit 1 
dittinct flrudart when examined by the highest powi 
disposal, and the term " globule " to circular or oval In 
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aiiea wbioh have a dtar centre, with a wdl-difinfd dath oiif^inf. 
Other examples of the tue or insufficicutly-deKned terms might be 
pointed out. If an observer makes use of a term which is gener- 
ally employed withuut anj defiuite meaning being attached to it, 
he sliuuld describe at length the mcauing which he asaigna to it, 
and Bliould, of couree, uae it only in this ooe sense. 

320. BxActneaa of Deaciifttlon ahoiild alirays be umed at, 

ftnd nc must remember that with a little trouble this eiactiiesa 
may be obtained with the use of a small number of words. That 
appeamnce of precision which is often attempted by employiiig 
long useless descriptions cannot be too much condemned, 80, 
also, the practice of some, of describing ever; object id the field 
of the microscope without the smallest knowledge of noy one of 
them, has been the cauae of much ridicule, aiid has brought 
microscopic observation into great disrepute. Some have thought 
to gain the credit of being aocumte observers by carefully 
muaaurtng every object they see in every diameter, aud putting 
down in uumbera the results of this useless ceremonjr. 

Such reports show that the author is thiulting more of himself 
than bis subject, lie attempts to acquire a cbarnctcr of extreme 
miiiuteucas of observation, instead of striving to advance the real 
interests of the science whieb he profeseea to serve— aud instead 
of endeavouring to excite in the miud of the reader a desire for 
more extended knowledge and a wish to take part in a similar 
investigation, he perpetually gives uudue prominence to himself. 
He who feels a real love for his subject, will try all be can to 
enlist others in the same cause ; he will try to remove all diffi- 
culties of investigation, and endeavour to express what he haa 
learned himself, in language which shaU be intelligible to all. A 
certain mysterious air pervading the desoriptiuu of an obser' 
valion, — an evident desire to coin new words,— and exaggerated 
statements of the importance of the facts observed, are quite mis- 
placed where all should be clear, simple, aud intelligihle to everj 
one, — aud too often show indifference to the subject on tho part 
of the author, and a want of consideration towards unlearned 
readers. Nothing, I l^eLieve, has been productive of so much pain 
and sorrow to earnest men who have devoted long lives to the 
proBecutiuu of ditTereut branches of natural science, or retarded 
the real progress of scieutiBc inquiry, more than that affectation 
of precision, and minute verbose and pompous style of desi^ription, 
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which hu been faghianable among some microsooptsta, and wfaltA 
pen-adea the writings of several authorities ia thie imperieeti; 
developed branch of investigatiun in the present daj. All this it 
mere pretence, and not real, earnest, useful work, — dtBtasteful t« 
every Bcientilic man and discouraging to every student. An 
extreme minuteness in desoription is by uo means a proof of 
accuracy of ubservatiun. In this mauiier science becomes encuiu- 
bered with UDnecesaary words, and eoroeet students are often ■ 
intimidated when tbey commenoe investigations fur theniaelveft 1 



3S1. Of the Importance of KakluK Sketches.— Of the great 
importance of drawing I have already spoken. Even men 
sketches in outline are of great value if the size has beeo eorrectir 
observed. Such sketches may be made upon ordinauy bhumA. ■ 
writing paper, cardboard, or, if prtdetred, on the thin trwn^l 
paper. ^^ 
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TABLES FOR PEACTISTNG THE USE OF THE 
MICROSCOPE AND MICROSCOPICAL MANL 
PDLATION. 

■,* All whn (Imire to heooms pncticall; finiiliu' iriih tlis iu» of tba 
mioroa-jopc^ iind to Imirii Iiow to observe, arc struDgly »ctiaim«oilad 
Ui sulwiit Id tbe routine which ■ oanBcleDtiaua (inctice of tlia ei- 
perimeul* ei<r«ii in Ihn tallowing Tables necMMril^ invdvea. Tha 
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TABLE I. 

Arrikuehehi of the Instbumekt for Odbehtatior. — Dbawiso 

ASD MEisnaiflo Objects. 

I. Amoige the microscope Tor exuuiniiig objeoU bj tranamitted 
light.— § 30, PI. IS, Fig. 48. 

£. Examine the objects upon the slide' with the inch, and after- 
wards with the quarter of an inch object-glaiBes, using 6nt 
the tihallon, and afterwards the deep e;e-piece. — §§5,6, 
PI. 1, Figs, i, 5. 

3. Arrange the mirror in such b manner that the ra^i of light 

may pnsii through the object in a direct course or obliquely. 
— § 9, PI. 2, Fig. 10. 

4. Examine the aame object under the quarter of an inch object- 

glass with the achromatic condenser, and afterwards with- 
out the use of this instrument.— § 32, PI, 17, Fig. 57. 
& Draw upon paper some of the objects' on the slide.— § 41. 

a. Judging of the site bjr the eye alone. 

b. By pluciiLg the paper on a level with the stage. 

E. With the aid of the neutral tint glass reflector. — S 44, 
PL 16. Fig. 61. 
6- Ascertain the diameter of the objects upon the slide,' using 
the inch object glass and stage micrometer divided to 
lOOths of an inch, with the aid of the neutral tint glass re- 
Bector— 55 44, 02, PL 16, Fig. 51. PI. 17, Fig. 59. 
7. Vhat is the ma^nifjing power of the two French and English 
object-glasijeB on the table.'- § 03. 

a. With the shallow eyepiece. 

b. With the deep eye-piece. 
wit Measure the angles of the crystals' upon the slide. — f 66, PL 20. 

u buttorBy. ' TnwheHs from ■ eatsrpillBT. 
bur. • FrsDch qoarter uiii udh inch.— Euglisb 
CryBlale of cholualerine. 
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22. Trace t)ie nerves in the portion of tissue on the uAHe. 

it out on a loaded cork, and dissect it beneath tb« * 
«f wnter with the aid of a strong tight condensed Up« 
b; the large bull's e^e condenser, in the nuDoer d 
in I 141, PI. 29. Fig. 121. 

23. Cut some very thin sections of the different soft ttavuc 

the table.— § l«. 

a. Using the sciBSora.— PL 22, Figs. 78, 79, 8a 
i. Using the double-edged knife,— PI. 22, Pig. 8 
c. Using Valentin's knife.- Pi. 22, Fig. 82. 
All these instruments must be well wetted before the a 
is removed. — § 144. 

24. Place some smalt pieces of tissue in the ci 

dissect them under the microscope in the 
in § 153, PI. 30, Figs. 126, 127. 
26, Make some thin sections of wood with the aid of the m 
cutter alluded to in 5 152, PI. 30, Fig. 136. 

26. Place some of the sections of pith or bono in thin celll, fl 

them nitii tliiu glass, and let them be preserved ■ 
objects. — § 157. 

27. Ascertain the effect of the different preservative i 

upon the appearance of the sections ii 
' §5 99. 100, 102, 106, 107. 

28. Place some of the sections which have been allowed 6 

for half an hour in the fluid in which they ■!« I 
preserved in thin glass cells, and apply tiie thin gUuM C 
observing the precautions detailed in page 93. 
fluid outside, and anoint the edge with Brunswick t 
which must be applied with a small brush. 

29. Make a thin section of the injected tissue on 

preserve it in gelatine and glycerine. — §5 100, 108, ICH 

30. Dry another Motion and mount it in Canada bi 
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TABLE V. 
KiDHBY.— Mdsooiab Fibbk.— Pio'bh 
Spikal Vessels.- 
31. Make thin sections of the aheep's kidney u|>on the table, and 
after washing them, subject them to examioation wicli the 
inch, and afterwards with the quarter. Some mnf be 
examined in water and uthers in glycerine. Ono section 
should be mounted iu the mixture of gelatine and glyceriDS, 
— § 106. Observe the differeut charactfirs of the tubes in 
the central and in the cortical portions of the organ, and 
endenTour to make out the following structures -.—EpilM- 
litim, taitmeat manhraiit of tlte tuliM, if'if/'Ujhiiin iotiiti and 
ciipilliiry vftsfU lying btlKteii the lultt. The arrangement 
of the voEsels may be satisractoril; demonstrated in an 
injected specimen. — Table VII. 
33i Talce a very small fragment of tho muscular fibre of the 
skate or eel, and after toaring it up with needles, moisten 
it with water, and cover it with thlu glass. Endeavour to 
find e!em<;ntary fibres in which the tube of tarailem/ma 
remains entire while the aareoun tissue within is ruptured. 
— § 136. 

33. The portion of pig'a-skin on tho table has been allowed to dry 

by exposure to the air. Thin transverse suctions are to be 
removed with a sharp knife, and subseiiuoutlj moistened 
with water. In this manner a very thin section may be 
obtained, which soon regains its normal appearance. It 
maybe inounled in any of the preservative fluids before 
alluded to.— 5 145. 

34. Cut thin sections of the cornea and sclerotic of the eye which 

have been allowed to dry after having been pinned out on 
a board : soak them in a drop of water for twenty minutes 
or more, and examine them first with an inch object- 
glass and afterwards with a quartor. 

35. Cut a thin section of the pith of the rush and examine it as 

a iij object ; aRerwards place it in fluid. Obserre the aif 
within many of the cells. 

36. Demonstrate the circulation in the cells of Tollisneria spiralla. 

— S 163. 

37. Wash some pieces of the a 

serve some of them in glji 
chloride of calcium.— § 163 



weed in plain water, and pre- 
ine, and others in solution of 
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H'Eiso Thui S«ctiobs of Bosb abii IJin, *ri> 

TiiEx IN Cakada Bamam. — MoDDTriia DtrrKREHvl 
or iNBBcrs.— Sepakatiok or Deposits rwon Fi.tiini. j 

38. Cut some thin gections of bone with the hhw and griud tBe^* 

to the required degree of tenuitji between the boties. — f 14ft 

39. Upon roicroacopioil eiamiDatiuD they will befoaud* 

with numerous scratches which 
rubbing the sectious upon a dr/ hone, utd a 
a piece of plate ■ glass.— | 119. 
4ft When the sections of bone are guflScicntlj mnooUi, 4 
one of them at once in balsam, and treat another fl 
with turpentine before immersing it 
Compare the different nucroecopictil chaixcters of tli«ae li 
gpecimeus.~g 1C6. 

41. Gut Bome thin tmnsverge and longitudinal H 

examine them under the quarter of an inch objec 
These maj be washed in water and mouDted in ( 
balsam.— 5 148. 

4S. After drying seveml portions of the insects in a oftps 
the water*hath (claws, antenna;, wings, eyea, gpitt 
moisten them with turpentine and mount then in C 
balsam.- § 165. 

43. After the deposit suspended in the fluid in the conJcal glaM 

bas subsided,' a portion is to be rcinoted with the p' tft tg 
and placed in a cell, or in the animalcule cage, fore: 
tion.— I 173, PL 35, Fig. 157, PL 11, Fig. 32. 

44. The Suid maj then be allowed to evaporate spottta 

by placing the slide under a l>el!-Jar over aulphni 
and the reudue mounted in Canada bolsam. 
4&. Subject some of the infusoria in the specimen of w 
the table to examination with a quarter of ai 
glass.'— 5 175. 
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r Ijijeotiho with Opaque amp Traksvahekt Mitbsialb. — 

pKirsaiAH Blob Fld(d for Ikjbctiob. 
1. Arrange the injecting appatatiia convenientlj (g S04) and 
proceed to iuject the nrter^ aupplying the eye-hall of the 
ox's oje on the table, with size and cbromate of leul. — 
§1 18S, ISS. 

47. Eiie. — Introduce the pipe into the vesBel running close to the 
large optic nerve, and tie it carefully, observing the pra- 
cautiona detailed in g i04. The ejo roust be allowed t« 
remain in warm water nntil warm through, and the inject- 
ing material prepared in the manner described : it is to 
be miied with melted site and strained immediatel)' before 
use. When the injection is complete tlie eye is to be 
placed in cold water. Should it become very much dis- 
tended by the accumulation of the injection within it, a 
puncture may be made in the cornea, which will permit the 
escape of the aqueous bumonr, and theu the vessels may be 
more completely injected.— | 204. 

4B. Prepare some Prussian blue injecting fluid.~| IDG. 

49. Frog. — Insert an injecting pipe into the aurta of the frog in 
the manner described in $ 304, and slowly iigoet the fluid. 

30. The specimens having been completely injected portions may 
be submitted to microscopical examination. — § 205. 

51. Tbe globe of the eye may be opened and portions of the 
following tisauea removed with scissors, cili,ari/ protxaa 
situated behind tbe iris, tbe rftina (the moat internal of 
the membranes within the globe), the dvmid (extenial to 
the delicate retina). These, after having been carefully 
washed in water, niay be submitted to examination in lliiid 
with the inch obj tot-glass. 

The ciliary processes and the choroid require to be well 
washed in order to remove the black pigment with which 
they are covered. 

ii. Portions of tbe lung and intestines of the hetg roay be 
removed, and after being well washed, may be submitted 
to examination. These are to be examined by transmitted 
light, and may be placed in glycerine. The inch ohject- 
gkss ihould be employed in tbcfirat instance, audaftewarda 
the quarter. 
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53. Teit the powder on the giaea Bhde for tlie 
lictute,' UBing the precautions detailed in 

M. Each of the solutions' is to bt diluted and ttptrat^j (wM 
for sulphates, phosphates, mid chloridee. — $ 238. 

06. Make some erfBtoIe of common salt, 

a. Bj evaporating a eolution rapid]; to diyniMS on « gjui 

b. By allowing the solatiou to evaporate slowljr m& 

etjttals fonii,nheii a. thin gUm cavej- ui»j be applM 
and the crystals Babjecti»d to micreecopictil ex&nia- 
ation.— § 244, PI. 43, Fig. 2(10. 

56. Fill one of the little bottles with cupUlarj orifioM nHk 
acetic acid.— 5 236. 

07. Exarr.ine some of the white fibrous tisme* under a (}inrt^ 

before and after the addition of a drop of ocotic aciiL.— 
5 327. 

SS. Ascertain the effect of a solution of c 
cells ou the slide.*— § 230. 

69. DsBCrihe the miorosoopical characters of the strootureB upon 
the glas9 slide,' and sketch roughly their most iioportaat 
characters.— g§ 07, 320. 

60. What is the nature of the substimccs furming the deposit in 
the glaBS.'—^ 318. 
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APPAEATUS EEQUIEED IN MICEOSCOPICAL 

INVESTIGATION. 



I.— The Kiorosoope. 



NBOKSSABT. 

1. Microscope with larf^e stage, firm tripod 

Btand, coarse and fine adjustments, double 
mirror, and arrangement for inclining 
body; generally termed the Student'/t 
Microscope. — § 15, PI. 3, 4, 6. 

The student's microscope with two powers 
and bull's-eye condenser costs from five to ten 
guineas. 

2. Pocket Clinical or Field Microscope, in 

case, with pipettes, test tubes, &c. § 21. 
8. Ohject-glasaes. — 1. The inch magnifying 
fit>m 30 to 40 diameters, the glasses of 
which can be removed one by one, so 
that lower powers can be obtained. 
2. The quarter of an inch magnifying 
about 200 diameters. These glasses 
should dejine well, the field should be 
perfectly flat and free from coloured 
fringes, and they should admit a suffi- 
cient amount of light. — § 6, PI. 1, Fig. 5. 



ADVANTAGEOUS. 

Large Microscope pro- 
vided with moveable 
stage and all the 
modem improve- 
ments.— § 17. 

With two powers, this 
instrumorit costs from 20 
to 'M guineas. 

Microscope for Travel- 

ling.--^ 19. 
Binocular Microscope. 

§18. 
Two-inch object-glass. 

§6. 
Eighth of an inch. — § 6. 

Twelfth of an inch. 

Twenty fifUL—% 305- 



H.— AooesBory Apparattia. 

4. Diaphragm piaie.—% 13,81, PI. 2, Fig. 9. OiOeU's achromatic con- 
6. BuU's-eye condenser,—^ 25, PL 16, Figs. denser.—^ 88. 

49, 50. Poiariscopc-l 86, PI. 

20, Fig. 69. 
Spot glass —^ 29, PI. 
17, Fig. 58. 
B 



I 



iPPABATrS BEQUIBED IS 
For Artificial fllaiainalii»t. 



6. Small Pronch moderator Ittinp.— 9 39. Smith A Beck'i 

phine lamp, ar 
HigtUcj'E gaa Um;. 
§ 39, PI- 16, Fig. H. 

nt.— Appaxatna fbr Vrawfne Objeota. 

7. SfeulnU Hal glaa» r/firctor. — % li, PI. llS, 

Fig. 51. 
S. Commaii liord peocils, steel pens, Indiaa 
ink, fine Bdatol board, unoo'Ji while 

IT.— Appamtna tor UeaaurlsK Objeota and fbr Aaoertklninc 
tlie HasnitriiiK favta of the Objeot Olksaea.— S§ SS to SB. ' 

9. ii'iigr mkrfw^U'K <\WiUA into lOCtha Noberfs linea, rtid ' 

and lOOOlli! of aa English inuh.—J SO, Kiaf be used also u 
Neutral tint glajm refifjor. lal obfMtt. — § CI. 

10. Maltnood'8 finder.— § 87. 

T.— Inatrumenta and Apparatni fbr Oeneral Pnrpoaea- 

11, Wire relorl aUiiul.—^ 70, PI. 21, Fig. 72. Water bath.— ^JZ, rig. 

12, TrifHid wire atanda.-i 71, PI. 21, FigB. 76. 
76, 77. 

18. Spirit lamp.—^ 69, PI. 21, Fig. 73. 

14. Evaporating banna, 

15. Waldi !;in*e*.— § 86. 

16. Thin i/loM.—i 81. 

17. Plate 'jlaia $lida.~^ 83. 

TI.— Xnttmneiita tor Ma.Ving' SiaaaotloiiB and for Onttinc nis 
Sectloua of Soft Tisanes. 

18. CmnmottHaipeU.^^li. VaiatliH'* knife. — §77, 
I6)t. DoubU.edged icaipti.—^ 76, PI. S2, PI. 22, Figs. 82, 83. 

Fig. 81, 
le. Sdnort.—Oriiaixy fonn anil two small Spring »ciam>rt.—% 7B, 

pair, one wiih curved bladea.— | 78, PI. 22, Fig. 80. 

PL 22, FigB. 78, 7B. 80. 
SO. NcedUa mouDled in handles, — § SO, Compreatorin™. — 

Fig. 84. S 163, PI. 30, Wgl 

20a. NeKdlafiaiUmd near the points.- § 80. 12S, 127. 



KICBOBOOFICAL DrnSBTIOATION. 259 

NICESSART. ADYASTAQEOVB. 

21. Forcepa.^ One pair of ordinaxy dis- 
secting forceps, and one pair with curved 
blades.— § 81, PI. 23, Figs. 85, 86. 

For Diaaectmg under Water, 

22. GUus dishes of yarions sizes from an inch Large buWs-eye eon^ 
to two inches in depth. — § 141. denser, for conden- 

28. Loaded eorlv.— § 142, PI. 30, Fig. 124. sing a strong light 

24. Fine pins and thin silver wire. upon the object. — 

25. T!aE2»^ofwax and guttapercha.— §148. § 142, PI. 29, Fig. 

121. 

For Cutting Thin Sections of Hard Tissues. 

26. Saw with fine teeth, for cutting thin Section cutter for cut- 

sections of bone. — § 149, PI. 23, Fig. 90. ting thin sections of 

27. Hones for grinding the sections thinner wood.— § 152, PL 80, 
and polishing them. — § 149. Fig. 125. 

28. Strong knife for cutting thin sections of 
bom, &c.— § 147, PI. 28, Fig. 89. 

VH.— Cements. 

29. Brunswick black, containing a few drops Oold Size. — § 87. 

of a solution of India rubber in coal Solution qf shelUac. — 
naphtha.— § 91. § 59. 

29a. BeWs cement.—^ 90. 

80. Marine glue.—^ 92. 

81. Oum water. — § 97. 

82. Oum thickened with tiarcli or whiting, 
—§97. 

88. French cement, composed of lime and 
India rubber.— § 98. 

VULl.— PreeervatiTe Tluidj. 

84. Spirit and mooter. — § 99. CMaUne and glycerine, 

85. Olycerinc—l 100. § 106. 

36. Solution of naphtha and creosote, — § 102. Oum and glycerine. — 
87. Chromic acid.—^ 104. § 107. 

38. Turpentine, 

39. Canada balsam, — § 94. 

8 2 
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^^M 40. Attn pUe far hatUag ilidM to nUili 




^H Durinc sl« U to be .pfOkd.-} 7S, 


-f u6.in.«,0 


^^H n, 91, Pig. 7*. 


tt ^^9 




^^^^1 


^H 41.aMD»n.a«nd>ofbriMla. 


^^^^1 




^^^H 


^H -liia.pLM. He. »«. 


^^^^H 


^^B U. rrriOng diamond.— ilM,n. St. rig. 99. 


Snw ruvr^^^l 


^H <1. OIiia><r'« dia>»>H£.-} 119, FL 91, Fig. 


ting «bd^^^H 


^H 


kU«.-§i^^H 


^^1 iS. i^ riow or prtcter plofe for gtindiiie 


Pis- 94- l^^l 


^H gU«.-f 121. 


raxfni -A*^^H 




bol'iBK Bl^^H 


^^B «7. OU hti/i Bnil snull chiMl Ibr elMoing 


^^H 




^^^H 


H 


^^^H 


^H^ 4X. ^oIutiMi u/pvloiK lUqimi potMw). 


^^^1 




SMtov MN^^^l 


^^H TCtteli. or Tuioiu atjsi. far nuking celU 


<x<b. J^^H 


^^H For the prcaeiratioD oriqjculioBL — \ 13T. 


JTouJtfMl ffi^^^H 


^^1 I'L 2S. FlsB. 100, 104. 


^^H 












^H — f 13S, PI. as, Fig. 105. 


<lo*ii Ui> Ola ^ 


^H Brunmmtt Bladt. 


cover >UU Ihi «■ 




mcnt U dtytac^ 


^^M el. rAin ffW* cot or tbB requiBlU aixe. 


iidi.nas.nf.tM. 






^^1 52. roM i;I>wa to uBk lectioDi b the pre- 


Ar// >r -ftli *^ 


^^H iwrTalivc flaidB.— § 86. 


for W/>JUrfe «^ 


^^H SS. Olautlutdtn to protect recently maaul^d 


oorervd wiUt «in 


^^1 pnpuationt from diut.— Xot«, § ISO, 


gWIM. 


^^1 Pl.a7, Fig. 92. 




^^M S4. Brat jiinU-—^ 72, PI. 21, Fig. 74. 


j1 W-pump tu re^Mi 


^H Canada babam.~§ 94. 


»irl.ul>!>lc. fMilto 


^H A^MJfti M reiaore air bobblei. 


iiitcreticetofatiMM. 
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monaABT. advaiitaqbodb. 

XI.— Apparattui Bequlred for the Sepazation of Depoaita tmm 

Fluids and for their Preservation. 

65. Conical Olaseea,—^ 171, PL 87, Fig. 171. Glass troughs for Zoo- 

66. PipetUa.—^ 172, PI. 37, Fig. 172. phyUa.--^. 46. 
57. WaaM)ottl€.—l 180, PI. 37, Fig. 178. 

68. Cells for the examination of infusoria, — 
§ 175, PI. 36, Fig. 157, PI. 11, Fig. 32. 

59. Animalcule cage.—^ 133, PI. 35, Fig. 

157, PI. 40, Fig. 82. 

XH.— Instruments and Apparatus Bequired tor •—'■vi^gi 

Injections. 

60. Injecting syringe, holding from half an 

ounce to an ounce. — § 183, PI. 38, Fig. 
184, and Fig. 179. 

61. Pipes of various sizoB.— § 183, PI. 38, Stop-cocks.— % 188, Pi. 

Fig. 182. 88, Fig. 182. 

62. Corks for stopping the pipes. — § 188, 
Pi. 88, Fig. 177. 

68. Needle for passing the thread round the 

veMcl.— § 183, Pi. 38, Fig. 183. 
64. Thread of different degrees of thickness. 
64. BulFs-nose forceps for stopping vessels. — 

§ 188, PL 38, Fig. 178. 

For Making Opaque Injections, 

66. Size or gelatine,— % 185. Injecting can, made of 

66. VermUion.—^ 187. copper.— § 184, PL 

67. Bichromate of potash and acetate of lead 38, Fig. 180. 
for making solutions for precipitating 

yellow chromate of lead. — § 188. 

68. CaHnmate of soda and acetate of lead for 
' making solutions for precipitating car- 
bonate of lead.— ^ 189. 

For Making Transparent Injections. 

69. Ferrocyanide of potassium. "Muriated Carmine. — § 195. 

tincture of iron.*' Glycerine and Spirits 
of wine for preparing the Prussian blue 
injecting fluid. — § 196. 
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UTTESTIOATIOS. 1 


.Enaaiai. 


UVA.-nAC«oai 1 




70. PlaHHUm/oit. 


£inaa platiMtm taf^M 


71. 7fe«< tiil-a and raet — PI. 41, Fig 193. 


»uU. 1 


72. Smaa (Wwr »l«iat u inch or an inelk wd 


SmaUftatk*. 1 


A tuiU in leui;lh. 


/'bi^inom u«r>. 1 


73. A'lJrrintf r«di. 


1 


74. Eraporalino t»uini.~PL 21, Fig. 76, 


1 


76. ITufcA 9ia»f».— i 8G. 


^1 


7a. SmaUaiau book* tnUh capillary on^<xs. 


^H 


— § 236. 


^H 


7T. Wirt (riiWfffM, (ripoA.-§ 71, PI. 21. 


^H 


78. SmaU rHort rfanJ.-S 70, PL 31. 


^^^^^^^H 


BMveuM:- 


^^^^^^H 


78. ^(™W,-5 219- 

Hii JfiA*.- i7A/imi;M'in — S S2l). 


^^^^^^^ 



8U. Ether. Chiorojarm.—^ 2 

81. Nitric aad.— I 223. 

82. Sulphuric add.—§ 223. 

83. Jcrfic acid-— § 22B. 

8*. Bj/dTochlaric acid.— § 221. 

BS. Ammonia.—^ 231. 

8B. SoiuiioB oJp(ito*A.— § 228- 

87. Solution lif toda.^^ 23fl 

88. NitraU oftUver.—^ 238. 

89. .yamfc of Bar!ite».—% £33. 

90. Om^ote ^atnnii»ria. — S 331- 

91. Iodine aolulion.—^ %t5. 

92. Tt^PapcTt. 

XIT.— OBbinet for FreMrrlnr Kioioaooploftl BpedsMiW. 
98. Draaen amiiged ■<> tbst the apecioeDB 
m»j lie jxr/ediy >!(.—§ 181. 
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